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PREFACE. 


Some years ago, Messrs. Gr. A. Natesan & Co* 
reprinted a number of papers and articles which I had 
written at various times on the improvement of the 
methods of lifting water for irrigation. The little 
volume apparently served a useful purpose as it met 
with a ready sale and has been out of print for some- 
time. Through the operations of the late Department 
of Industries and of the present Pumping and Boring 
Department, which is its lineal descendant in these 
matters, the oil engine and centrifugal pump are now 
recognised as a satisfactory combination for lifting water 
wherever the quantity to be dealt with is large enough. 
Moreover quite recently considerable progress has been 
made with mechanically driven water lifts specially 
designed to deal with smaller quantities of water than 
can be conveniently and economically handled by centri- 
fugal pumps. The demand for information, as to the 
methods to be pursued and as to the results which have 
been achieved, still continues and in the absence of any 
formal treatise on the subject, a fresh compilation of 
papers has been made which* it is hoped will to some 
extent supply what is needed. In the South of India, 
this phase of the irrigation question is now reduced to 
a matter of ^finance. Mechanical methods of lifting 
water are so much cheaper than the indigenous methods 
that, where the quantity available is sufficient and 
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there is land suitable for cultivation, it is always pro- 
fitable to employ them. It has taken 10 years to arrive 
at^this point, but one may venture to hope that a much 
shorter period will suffice to devise means whereby 
landholders and ryots may obtain on reasonable terms 
the capital they require to develope their subterranean 
water supplies. 

January , 1912 . Alfred Chatterton. 
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In the Statistical Atlas of India, the total irrigated 
area is stated to be 28,334,000 iicr^s, of which 
10,140,000 acres, or more than one-third, are entirely 
dependent upon water drawn from wells. In the 
Madras Presidency, excluding feudatory and tributary 
States and Zemindari lands, the area under irrigation 
amounted to <>.803,037 acres in 189l-9f>, and of this 
area 1.084,060 acres were supplied with water from 
427, i>39 wells, whilst the lands under other systems of 
irrigation derived a supplementary supply from 
139.136 wells. These figures will serve to indicate the 
magnitude of the intereds invoked m irrigation f mm 
wells, but possibly a dearei idea may be gained from 
tlie calculation-- oiven below, which, though based on 
admittedly approxima'e data, show' in greater detail 
what well irrigation in India means. In Madras, the 
average area under each well is 24 acres. but in other 
Provinces it is larger, and for i lie whole of India pro- 
bably a\ era ges J acres per uelj, so that I he total 
number of well* must he about two and-a-half million. 
The cost of constructing 13.337 wells k given as 
Its. 16.88,753 in certain returns furnished by the 
Board of Revenue, Madras, or an average of Rs, ]0(i 
each, and as in many places the wells are much deeper 
than they are in Madras* we may assume, without fear 
of exaggerating, that the average value of a wellin 
India k Rs- i 50, and that, therefore, the total capital 
invested in well* amounts to tla* very itirge* sum of 
374,crores of rupees. 

Taking the duty, of water for garden or well culti- 
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vation at 250 acres per cubic foot per second, the 
quantity required for over 10 million acres would be 
40,000 cubic feet per second, and if we assume thtft 
tbe average depth from which the water is lifted is 30 
feet, the work which has to be done amounts to 130,000 
horse-power. Cattle, however, do not usually work 
more than 0 hours a day. and the efficiency of native 
water-lifts certainly does not exceed 50 per cent , so 
that the aggregate horse-power derived from cattle in 
India and employed in lifting water amounts to 
1,088,000. Assuming that throughout the cultivation 
season there is an average of two bullocks at work 
every day at each well, there would he ;ihout 5 million 
cattle so employed. 

The average quantity of water yielded by each 
well is, upon the above assumptions, 8,G40 gallons per 
day. a volume so small as to entirely preclude the use 
of any, but the simplest possible appliances for lifting 
the water to the surface. Steam-pumping machinery 
utterly beyond the means of the ryots, and the force 
of the wind is too uncertain, and over the greater part 
of India, it is too weak to he utilized profitably by 
wind-mills even of the most modern type. Animals 
arc, therefore the only source of flower available, and 
water-lifts in the future* infest, continue to he, as they 
always have been, worked either by men or cattle. 
Moreover, the* Indian agricultural population i fi so 
singularly flevokl of even the most rudimentary 

• It should lie remembered that this report was written in 
bafore oil engines had become the single, practical motors they 
ara to-day. 
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mechanical skill that it is absolutely necessary that 
machines, intended for their use, should he designed to 
work without, complicated gearing of any kind. As 
will he seen in the sequel, native methods of lifting 
water comply with these conditions and possess at the 
same time, under favourable circumstances, a fairly 
high efficiency which renders the task of endeavour* 
ing to improve upon what is already in u^e exceedingly 
difficult. 

The enormous amount of energy which is expended 
on raising water from wells has naturally attracted 
much attention, and from time to time, in different 
parts of India, '•attempts ha'*e been made 1o introduce 
what were considered improved appliance*, hut so far 
no great amount, of success has been achieved, and the 
opinion is now generally held that little or nothing 
can be done. Of the special reports, which have been 
prepared on the subject, two at least may he cited. 
The first, is a volume published in 1 K83 by the Depnr 1 - 
ment of Agriculture and t'ommerce in the North-West 
Provinces and Oudh, of which the most, important 
section is a report by Captain Hibborn, an Executive 
Engineer, who was placed on special duty in connection 
with the matter, and who. after collecting a vast 
amount of information regarding existing practices in 
the North-West Provinces and carrying out a very 
large number of experiments on the ‘performances of 
the various types of water-lift in use, expressed in 
unequivocal terms the opinion* the Government could 
do little or nothing ter improve or extend well irrigation 
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in the Provinces. The second report was prepared in 
Bombay by an Executive Engineer, Mr. F. D. Campbell, 
after spending three months on special duty, and as 
the linal result of his enquiries he formulated the 
opinion that nothing can be done to introduce “ new 
or cheaper systems of well construction or of lifts than 
those which the ryot is already familiar with.” 

In recent years, iri Madras especially, these 
conclusions have not been accepted by a certain num- 
ber of practical men who have devoted much time and 
ingenuity to the production of improved water-lifts and 
their efforts have at any rale, resulted in drawing pub- 
lic attention once more to the water- li ft question. The 
trials conducted by the “ Water-] i ft Committee" showed 
*the necessity of studying the problem scientifically and 
of taking into account a factor which had hitherto 
been entirely neglected, vie., the mode of applying 
animal power. Notwithstanding the number of 
experiments, the results* of which have been published, 
it was found impossible to compare the performances of 
the m*w machines with those obtained from native 
water-lifts owing to the insufficiency of the data record- 
ed. and though it did not fall within the scope of the 
reference to the Committee to obtain the necessary 
figure-, it was considered highly desirahle that a fresh 
.-et of experiments should be undertaken, so as to 
render it possible to make fairly exact comparative 
statements bn the merits of totally different forms of 
water-lift, after trials which should be neither tedious 
nor difficult to carry out. 
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The fact that animal power is employed in all 
forms of water-lift renders it exceedingly difficult to 
make comparative trials of machines, some worked by 
one class of bullock in a certain manner and others 
worked by another, and possibly inferior, class of cattle 
in a totally different way. Mot only have we to take 
account of the mechanical efficiency of the machine 
but also the method hy which the animal is made fo 
work must be considered, since the amount of useful 
energy which can he obtained from an animal depends 
very largely upon the way in which the muscular 
efforts are made. The work done by an animal in 
motion may iVe conveniently dhided info two part*, 
which we may term internal work and external work, 
respectively. The latter only in available for useful 
employment, and, as the sum of’ the two i* probahk a 
constant quantity, it is evident that the more we- can 
reduce the expenditure of energy on internal work, the 
greater will be the amount a\ailnhle externally. For 
instance, a bullock walking along a level road expends 
the whole of his strength on internal work, which 
simply results in the transportation of his body from 
one place to another, hut if we yoke him to a cart, the 
work which he does is partly internal and used in his 
own movement arid partly external and employed in 
drawing the cart. 

What ratio the internal bears to the external work 
cannot be accurately deternpned, but. there %*e some 
facts 1 which enable us to form an approximate estimate. 
A bullock doing no work can be made to march only a 
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certain number of miles in a day without experiencing 
undue fatigue. The addition of a moderate amount of 
external work diminishes the distance which can be 
travelled, but only to such an extent as to indicate, 
that of the. total muscular exertion the greater part is 
expended internally. On a horizontal road and walking 
at his natural gait, a bullock can exert a draught of 
one-tenth of his weight for a period of S or D hours a 
day. That is to say, lie can do work in drawing a cart 
or a plough along the level equivalent to what he 
would have to do if he walked up a gradient of 1 in 10. 
No animal is -trong enough to exert, a continuous 
draught equal to one-filrh of his weight, for any 
leiigi.ii of time, without injury, and a draught equal to 
one-third of the weight can only he exerted spasmodi- 
cally and for very short periods, yet a man or a bullock 
when in training can, with comparative ease, walk up 
a gradient of 1 in 3 and continue to do so for a very 
long time, if the pace he not. too great, and if the sur- 
face walked on he suitably prepared. It is evident, 
therefore, that when an animal raises his own weight 
against the action of gravity, t he external work, repre- 
sented by the potential energy stored in the animal's 
body, bea»v a greater proportion to the internal work, 
which i- u*e|e>sly expended! than is the case when the 
externa) work' is due to a pull exerted through a certain 
distance. Hop instance, a hill lock will walk, along the 
level. Jtwo hiiles in one hour against a draught equal 
to on*— tenth of his weight and will do, wlmt we may 
term, a unit of work, equal t.o^ raising his own weight 
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one-fifth of a mile; up a gradient of 1 in 3 he would 
probably walk miles in one hour and raise his own 
weight vertically through half a mile, doing times 
as much work. Even if he could only do one mile per 
hour up the slope, the potential energy stored in his 
body would still be l| times as great as if he had been 
employed in drawing a weight up a vertical shaft by a 
rope passing over a pulley. 

Practically we may assume, then, that an animal, 
with the same ultimate expenditure of energy, can do 
twice ns much work in raising his own weight against 
the action of gravity as he can in the only other way 
it is feasible to employ him. This fact ha*, lung been 
vaguely known, but has not been made much use of, 
owing to 1 he difficulty which has been experienced 
in designing suitable mechanism to embody the idea, 
without producing a machine both cumbrous and cosily. 
This tli" Hindu cultivator ha* recognised, and with 
more tl an characteristic ingenuity lias devised a com- 
promise between the two methods of working in an ex- 
ceedingly simple manner, as exemplified in the ordina- 
ry couni ry mhote, in which he pfiitially obtains the 
advantage of (he bullocks’ weight, by making them 
run down a steep incline when drawing from the well 
the bucket full of w r atei. whilst in the picottah, which 
he himself has to work, the principle has been fully 
carried out with the result that it i* capable of but 
little improvement., except in the direc tion ,of making 
it a less hazardous machine to work. 

A' pair of bullocks is a vague term ; they may be 
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worth Rs. 40 or Rs. * 25 0, and one pair may easily be 
capable of doing more than twice as much work as 
another ; yet in previous accounts of experiments on 
water-lifts no more definite information than this has 
been forthcoming as to the power employed. Dealing 
with water-works, engineers are accustomed to state 
the results of the trial of a pump something in this 
way. The engine driving the pump indicated ‘x* 
horse-power and ‘ v ' gallons of water were lifted 
against a head of * z * feet in a certain time. Unfortu- 
nately, we cannot- measure Die work done by cattle in 
absolutely definite units as in the case of the steam- 
engine, hut it is a generally accepted fact that the 
strength of well conditioned animals of the same species 
'is roughly proportional to their weight, and it would 
therefore have added enormously to the value of former 
experiments on water-lifts if the weight of the cattle 
used had been ascertained. 

The value of a water-lift depends partly upon its 
mechanical efficiency and partly upon the efficiency of 
the method by which the strength of the animal is 
utilized when working it. The mechamcal efficiency 
can us daily be determined but it does not seem 
possible to express in numerical terms the ratio 
which the internal work of 4he animal bears 10 that 
done externally. For practical purposes, however, 
a constant iimilving hoth terms is what is requir- 
ed, and flu.-* can he obtained without difficulty. The 
amount*of useful work done in one hour, expressed in 
foot-pounds, divided by the weight of the animal in 
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pounds, represents the vertical height in feet, to which 
by the expenditure of a similar amount of work, the 
animal’s body would be raised. The magnitude of 
this constant, which may be conveniently termed the 
CO-efficienl of utility , offers a simple means of stating 
concisely the value of a water-lift as a machine for 
getting work done by the agency of animal power. The 
determination of this constant has therefore been one 
of the most important objects of the trials recorded in 
this paper. 

In trials of water- lifts, there is a liability to a 
serious error in estimating the outturn of work from 
the fact that •animal* can be made to work at a much 
faster rate for a short, time than they can -obtain fora pro- 
longed period. With experience it i-; possible to judge if' 
animals are seriously o\or-driven ; or. if experiment can 
be extended over a sufficient number of hours, oxer- 
driving at the start will be revealed by a gradual slack- 
ening of the rate of doing work. In tbe present 
series of trials, every effort was* made to secure that the 
animals should he driven at their ?, umal speed, and it 
is believed whh -ucce-* : but as in mo**t eases there 
was only a ‘ ooit * l too*' f*r experiment*. the rate of 
working \va> '*h ckwi .'.gainst the nnhnd’s weight, 
Aerieii’tnra! autnmi'ies. t-alcuhri .eg t»c* intmn* for 
draught. e.-itth*. as-iim,* Hie unking day tope eight 
hours and the rate of d<»i'i f external fork lo he O'jf.5 
foor-t.ons per f!>. of weight per }■ mr. Thi* U consider- 
ed to he t*’e maximum amount of work w toft can he 
obtained, without affecting the health of eat tie, mid an 
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increase, either in the rate or in the total quantity of 
work done, soon produces deterioration and sickness. 
There appears to be no data available as to the amount 
of work which can be got from cattle in India, but it 
is probably rather less than in temperate climates, and 
the value of the figures obtained in these trials lies 
chiefly in the fact that they enable us to judge at 
what rate the cattle were worked. ft will, of course, 
h» understood that the more the weight of the animal 
was usm(J, the greater should he the rate at which work 
can he done, and that the highest rate should be ob- 
tained for lifts in which the animal exerts no draught, 
but simply raises himself up an inclined plane till it 
overbalances the resistance to be overcome, and useful 
Vork is done by the steady descent of the animal under the 
action of gravity. In this case the rate of working ought 
to he about 0’5 foot-tons per lb. of weight per hour. 

More than 50 years ago a Mr. F. \V. Simms com- 
municated to the. Institution of Civil Y.nginecrs the 
t»kyiUs of stone oh-crvsdions which he had made on the 
amount of work which horses can do at, various rates of 
working. The average weight of the horses was 
1,1 7fi lbs. and the results are concisely stated in Table T* 
TAKLh 1. 


Working day in 
hourH. 


Foot-pounda of work 
done per horse per 
minute. 


Relative amount 
of work done in 
a day. 


8 

6 


23,41 a 

100 

24,360 1 

78 

27,006 , 

or> 

32,943 • 1 

53 
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hi Captain Clibborn’s report oil well irrigation in 
the North-West Provinces are given the results of an 
extensive series of experiments made on the quantity 
of water raised from wells of different depths by various 
methods, from which it appears that the work done by 
cattle varies very greatly, depending on conditions not 
explicit ly stated, but of which the most important, 
evidently were, the size and strength of the animals, 
the depth of the wells and the type of water-lift em- 
ployed. In Table II, a few of the results have been 
extracted and the capacity of the bucket is given to 
serve as an indication of the size and strength of the 
cattle us it is evident that only big, powerful beasts 
could exert a draught of over f)UO lh*. 


Tahlk IT. 


Depth to water 
Viurfaei* in feet 


Capacity of bucket 
in gallons 


! 


Work done per head 
per minute in foot- 
pounds aKHiimin^ 
eHiniem-N of lift to 
lie •'( > per cent. 


Ui 2 1 ‘‘.‘kSL 

2S-7 7.1211 

2.V2 3,136 

21 *S li.-UHl 

47‘7 1 1 .07 S 


In the .-june report, it is stated that with m»m, 
working the dhenkli.the useful effect obYainwi averaged 
1,120 foot pounds per minute, which Would mean 
that, after due allowance had been made for the imper- 
fect efficiency of thc # machine, the men were doing 


57 

37 

17 

12 

53 
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about 12 foot-pounds of work per lb. of weight per 
in in ate. Assuming that the men weighed 112 lbs., 
the coefficient of utility in this case would be 600. 

In Table 111 the results of the experiments made 
in Madras are collected together, and sufficient details 
given to show that the variations in the output of work 
are mainly due to the different, methods of making use 
of animal power, and il will be seen that they occur 
exactly ms one would be led to expect from the conclu- 
sions arrived at when discussing this point. 

The figures obtained with picottahs worked by 
men are \ pry striking, especially when it is borne in 
mind that the work of one man is almost' entirely con- 
fined to guiding the bucket rod and emptying the 
bucket, and that only tin* two men perched on t tie 
see-saw lever are employed in lifting the water. Com- 
pared with the dtienkli, in which the water is raised by 
pulling with ♦ lie* arm- at the end of a halnnced lever, 
me resultant effect is more than twice as great. 

With the exception of the Persian wheel and 
modifications such as the chain pump, all the water- 
lifts used .>»» wills in India consist essentially of a com- 
bination of t v o distinct parts. They are (1 ) a bucket or 
buckets for holding 1 he water and (2) an arrangement of 
some kind by which animal pAver can be conveniently 
applied to do the work of raising the full buckets from 
the well. The buckets are usually made either of 
leather jp* iron and may he divided into three cla>*e- : 
(1) a simple leather bag such as is used very largely 
in Northern India, which require^ fi man to be specially 
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Table III. 


Name of lift. 


l 


' Nature of work, j 



j ; Draught in a 
Stoney's d oub I «*! ■( circle, inter- 
robote, i j mil, tent. 


lb. 

( J ,140 

i u;is 

i 

' 1,J Hi 


Single nihotc . hv Draught down a.n< 1 ,34 K I 
Snbba How. inebned plane | I 

j ! 

Seesaw water-lift. Walking upan in- 1 700 ; 

dined plane andj 
reversing. j j 

Sultan Mohidccn. i Dr aught in a 1.700 i 
straight line and j 

i reversing. j 


Andrew's Persian Draught ins circle 1 087 , 
wheel. eontimious. I j 

Single inhote. Bel- ; ! ■ 2,088 

lary. , I ; 2,078 

Draught down! 

Single mhote, Coim-; * an Inclined 1 774 ; 
batore. plane. 

Do. ‘ i 3 I ‘120 | 


No. 

(Footpounds of work 
j done per minute j 
per animal. 1 

1 Footpounds of work 
done per minute 
per lb. weight. 

1 

J ; 

1 

: 12,060 

10-72 

o 

! o,410 

7-72 

1 

1 10,. ‘108 

0*00 

o 

, 12,180 

18-07 

l 

i 

, 0,62.7 

wr 

- 

6,42. f * 

i 

8-07 

o 

I 

<;,6or» 

i:i-7x 

1 

1 

1 2 22.7 
.\7G2 

; 18-2(1 

1 l'2l 

2 

6,180 

j 

1700 

2 

11,430 

1 1-20 
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Table IV. 


Name of lift. 


Picottah 


{ 

! 


■ Nature of work. 

i 


. ' Walking on kpu- 
j ha w lev it. 


ft *- 


\M U 
1 U Q> 
O Ou 


j 

C 

!“• 1 

^ « . 

No. 1 
of i 

C 

& 

E 

© § «; 

*0 5 jjj 

x C M 

1'z'i 

men. \ 

o 

X 

u, 

l aE 
a 0) 

§ 

0 J- " 

a a a 
o w 

1 

’S 

O 'O 

o o 

1 

£ -fc 


i ;t 

3<»s 

2,0)0 

j 2<W 

!• :t 

: :wi 

2, 7. ‘17 

i 24-81 

1 


stationed at the mouth of the well to t ilt it over to 
discharge its content-*. nr a plain iron hueket or dish 
of the type generally used with picuttahs ; (2) <-y lindrio- 
, *d i roii bucket 1 * suspended from stirrup*- so as to 
automatically till o\er and til! when lowered into the 
water, hut which ie*|iiire a tilting bar or M»me o<jui\ cl- 
ient device *■*» empt \ them : (3) leather or i?on buckets 
httid with valves The ?no*.t ingenious and simple hf 
:* l i these \< the ouniiitin leather mhote, used all over 
the .''ndh ol India which consists of a roughly hetni- 
.*pherieal leathern bag. suspended from an iron ring and 
tilled at the bottom w'ith a leather trunk or discharge 
pipe, the end of which is held by a separate rope above 
the level ol the water in I he # hag, whilst the latter is 
being drawn up the well. The ropes are so adjusted 
that on reaching the top of the well the bag continues 
to rise whilst the trunk is drawn inwards, with the 
result fcfcat the water is rapidly and completely dis- 
charged. Of iron buckets fitted with vaKes various 
forms have been proposed, hut the only om-. that has 
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their place. In machines like water-lifts, which of 
necessity are somewhat roughly constructed, no great 
amount of labour is expended on fitting the moving 
parts together ; and, in consequence, the working is 
not perfectly smooth and the friction Varies consider- 
ably in a single operation of the ‘machine. The 
measurement of draught is, therefore, not very easy 
and the results are, in every case, the mean values 
obtained from a large number of observations. In most 
instances the average quantity 0 f water brought, up by 
a bucket was measured by passing the water into a 
tank of known dimensions and counting the number of 
buckets required to raise the water-level by an amount 
which was carefully measured. The tank was always 
filled and emptied several times and the mean result 
was undoubtedly very accurate. In one or two instan- 
ces no tank could be procured and the water was 
measured in a rectangular trough dug in the ground, 
'and, with proper precautions taken to ascertain the 
loss due to pei eolation, it was found a satisfactory 
method. The cattle employed during the trials were 
in every instance weighed on platform weighing 
machines, the wells chosen for the experiments being 
specially selected with reference to the facilities for 
weighing in the neighbourhood. 

Stoney'8 vulw-Uft : — The principle feature in this 
lift is the employment of buckets of wrought iron sus- 
pended in a stirrup by two adjustable pivots, attached 
to the bucket very slightly above the centred gravity 
of the bucket when full of water. The mouth of the 
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bucket is inclined and the lower ends of the stirrup 
are turned outwards and formed into rings sliding on 
steel wires which are suspended in the well from screw- 
ed eyebolts attached to the framing above. The wires 
are fastened by some convenient means to the bottom 
of the well and act as guides to the bucket ascending 
and descending and prevent it from either turning 
round or swaying to and fro, and thus striking the 
sides of the well or the second bucket. On the bucket 
being lowered into the water it turns horizontal and 
as it sinks fills with water. On being drawn up it 
assumes a vertical position and rises steadily till the 
discharging level is reached, when the upper side of 
the inclined mouth comes into contact with an iron 
bar fixed across the framing of the lift and the stirrup 
continuing its upward motion causes the bucket to 
revolve about the point of contact of the bucket with 
the iron rod, and thus discharges its content into the 
delivery trough. The lift was worked by carrying the 
rope:-, which hold the buckets over guide pulleys to a 
whim. Two buckets are attached and the ropes arranged 
so that as one bucket ascended the other descended, 
and the dead weight of the buckets was balanced. The 
whim consisted of a drum built of wood and was 
carried by an iron spindle on t&e top of a post firmly 
built into the ground. The bullocks worked at the 
end of an arm which was 3*85 times the radius of 
the drum. The whim was worked alternately in one 
direction and the other, the cattle being made to ttym 
round whilst the bucket was discharging its contents. 
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Imyi'ovtd single mhote of M. R. Ry. Subba Rao : — 
The improvement on the ordinary single mhote is 
effected by attaching a rope to the draught rope and 
carrying it on to the large drum of a kind of windlass 
erected at the end of the inclined plane and at a 
considerable height above the level of the end of the 
run. Ropes wound round two smaller drums, one on 
each side of the large drum, carry weights which 
balance the weight of the empty bucket so that at the 
end of a lift as soon as the bucket is emptied the 
draught rope automatically rises in the air and the 
bullocks are able to turn round and walk up the inclin- 
ed plane in 1 a natural en«y manner instead of being 
forced backwards as with the common plan. The im- 
provement effected is undoubtedly very considerable 
as not only is the weight of the empty hucket. balanced 
but the animals are also spared the cramped and un- 
natural backward walk up a steep incline which probab- 
ly tires them nrioie than their exertions in drawing 
the hucket out of the well. 

Seesaw water-lift of M. R. Ry. Subba Rao : — In 
this form of water-lift the bullock is made to walk 
along a platform supported on a roller and by his 
weight it is caused to oscillate up and down. Two 
ropes are attached to one end of the platform and 
wound round two small drums forming part of a wind- 
lass, round the large drum of whieff a rope working 
an ordinary single mhote is passed. Th^ platform 
is ' not supported in the middle but at some distance 
therefrom, so thrft* the working end of the plat- 
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form greatly preponderates and the bullock has 
to walk to the free end of the platform to tilt the 
longer segment up and lower the bucket into the well. 
To diminish the shock, when the free end falls and the 
bucket is lowered into the water, iron rails are fastened 
underneath the platform by a short chain so that just 
before this end of the platform reaches its lowest posi- 
tion the rails rest on the ground and their weight 
ceases to act. Thereby the platform comes to rest 
more gently than would be the case if the velocity of 
descent continued to accelerate to the very end. 

Sinffle mhote*.— Experiments with single mhotes 
were made at Palladam in the Coimbatore District, 
where they are worked with a single pair of cattle, 
Mdiich are trained to walk backwards up the ramp. The 
slope of the run is therefore limited to 1 in it which is 
about the maximum that the cattle can be backed up. 
At Hell ary. where experiments were also made, the lift 
i- usually worked with two pairs of cattle, each pair- 
drawing up alternate huckets of water. At the end of 
the run, the rope and bucket are d eta died from the 
yoke and fall hack into the well, assisting the driver 
who grasps the end of the rope, to return up the steep 
slope, whilst 1 he bullocks turn round and walk up a 
side path, which is not nearly so steep as the ramp. 
When tin* bucket is again in the water, the second pair 
of bullocks are hitehedon to the rope and draw up another 
bucket full of water whilst the first pair are leisurely 
walking Sp the incline, so as to be ready at the top by 
the time the driver returns with Du; rope. With this 
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system of working, it is possible to make the slope of 
the ramps very steep and the gradient is usually from 
1 in 2^ to 1 in 3. The weight of the bullocks is there- 
fore more effectively utilized, and a much larger bucket 
can be used than in the Coimbatore District. 

The modification of the single mhote invented by 
M. R. Ry. Subba Row enables most of the advantage 
of this system of working to be obtained with one pair 
of bullocks. Moreover, the huckct is balanced, but it is 
doubtful if this contributes any real increase to the 
efficiency of the lift, as the friction of the extra pulley.*, 
absorbs power and more work is thrown on the driver 
since the unbalanced bucket materially assists the 
driver in climbing the steep ramp. 

Th £ Persian wheel. — Mr. Andrew, a missionary of 
the Free Church of Scotland stationed at Chingleput, 
has erected a form of Persian wheel at the Christian 
Settlement of Melrosapuram which he invited me 
to test. It is built on a framing of old railway 
rails over a circular well about 21 feet (» inches in 
diameter. The rotating drum was 0 feet in diameter 
and 3 feet 8 inches wide and carried a double chain of 
sheet iron buckets each holding 180 gallon**. The 
axis was prolonged on one side and driven through a 
pair of bevel wheels hy^a whirr* of the ordinary type. 
Each bucket was provided with a leather (lap valve to 
permit of the escape of air from the descending buckets 
as they entered the water. ThV design was carefully 
worked out and the water- lift was very strongly made, 
50 that it worked very satisfactorily during the trial. 
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The S vltan water-lift : — This is a direct draught 
water-lift with balanced buckets, the details of which 
have been very ingeniously worked out, but the para- 
mount necessity for keeping the cost down ha? resulted 
in the use of an unsatisfactory system of construction, 
which prevents to some extent the full advantages of 
the design being realized. The buckets are fitted with 
valves, as already described, which when new are 
water-tight ; but in ordinary daily use they soon get 
slightly out of order and then leak considerably. 
Trials were made on one which had been put up in a 
garden in Tondiarpett to the north of Madras by M. R. 
Ry. Sundaram Sastri and on one, which lias recently 
b^en erected near Hellary, in a garden belonging to 
M.R.Ry. Aerada Rudrappa. The only important 
difference between the two lifts was that the former 
was fitted with hemp ropes and the latter with wire 
ropes. I should have preferred to have tested a water-f 
lift under the management of the makers but, though 
I offered to do so, they declined to place one at my 
disposal. 

In toe following tabular statement (Table V) are 
given the results of the trials which I have made. 
None of the trials were very prolonged, but they were 
all made under normal working conditions, and the 
results are only s.g much better than would ordinarily 
be obtained in practice* as may be fairly ascribed to 

* SubA^juent experience of the working of native water-lifta 
leads me to think that the results obtained during our trials were 
about 33 per cent, better than those usually obtained by the culti- 
vators under normal working conditions* 
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Name of water-lift. 


Double mhote, Snidapet. , 1 8 July 1 890 : 22* 1 2. r » 1 80; 1 ,807 


Stoney’s improved J 

double mhote. j 

Stoney’s improved f 

| double mhote. \ 

Subba Row’s improved 
single mhot.e 


10 July 1895 22*020. 
10 July 1890 ’ 2:1*24 

17 Julv 1890 22*87 
9 July 1890 23*0 

, I I July 1 890 230 

18 July 1890 20*00 


Subba Row’s sea -saw lift. 20 July 1890 18*1 


Sultan water-lift 
Andrew’s Persian 
wheel. 

Single mhote, RaJ- 
laduni. 

Single mbote Bellary. 
Picoitah. 


.. JO Julv 1890. 
| 27 Feb. 1880 
1 27 Keb. 1890 1 
( Jl> May 1890 
\ :il May 1 890 
I 31 May 1890 : 
f .22 June 1890 
, < | 20 June 1 890 | 
I 1 23 June 1890 
j 10 June 1890, 
• 1 j 20 July 1890! 


90 2,094 
100 2,489 
111 2.991 
427 2,097 
422 2.220 

00 2,178 
40 1,903 

00 2.070 
90 3,001 j 
120 3,204 
03 1,340 
180 1,023 I 
120 1.1 10 
102 3.700 
240 3,347 
Iff) 3,011 
10: 1,909 
420 2,730 
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the fact that care was taken to have the water-lifts in 
good working order and the cattle in good condition 
and that no time was wasted whilst the trials were in 
progress. The results are strictly comparable and 
represent the performances of each water-lift under 
favourable conditions. 

From the experimental results presented in Table 
V, it seems justifiable to draw certain conclusions, of 
which the most important is undoubtedly that the 
native methods of lifting water under favourable 
conditions have not yet been surpassed by the best and 
most improve*! inventions of recent years. The 
mechanical efficiency of modern water-lifts is higher, 
hut the mode of applying animal power, to which 
sufficient attention ha* not b^en paid, is distinctly 
inferior, save in one case, and the final result is^ 
that as yet, no advance has been made, which will in any 
degree compensate for the increased cost of the new 
water-lifts. The see-saw water-lift of M. R. Ry. 
Subba Row alone seein?> to offer prospects of being 
developed into something which will be materially 
better than anything af present. in existence. The 
machine examined by the Water- lifts Committee was 
mechanically very imperfect, yet the co-efficient of 
utility obtained was very high, and as it, demonstrated 
clearly the possibility of using cattle to work oscilla- 
ting platforms, it must he regarded as the i'jsfc step 
in wlpit may ultimately prove the direction in which 
the greatest iraproverherit can be made. 
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Stoney’s improved double mhote is undoubtedly, 
from a mechanical point of view, the best water-lift 
that has yet been constructed and it has accordingly 
been made the subject of more extensive experiment 
than any other. The efficiency is very high and does 
not appear to be capable of any further improvement, 
but the animal or animals have to walk in a circular 
path and are in consequence unable to exert as power- 
ful a draught ns when walking straightforward. This 
is particularly the case if two bullocks are yoked to 
the revolving arm when the inside bullock works 
under great disadvantages and most of his energy 
appears to be consumed in internal woi Probably the 
best results would he ohlained with two comparatively 
small bullocks yoked to separate arms, radiating from 
opposite sides of the drum so as to balance one 
Another ; hut. if this would necessitate two drivers, the 
increased cost would more than counterbalance the 
improvement m the conditions of working. The tiirte 
wasted whilst the bullocks are 1 urning round at the end 
of each lift is a serious defect especially on low lifts 
when it occupies a very considerable portion of the 
working cycle and it materially increases the amount 
of energy wasted in internal friction. With a single 
bullock of exceptional size, flte co-efficient of utility is 
the highest, that 1ms been recorded hut, with a pair of 
animals of average size, the figure is reduced by more 
than orjf-third, clearly demonstrating, if proof, indeed, 
be needed, that they were working under unfavour- 
able conditions. 
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The SnJ tan water-lift was the subject of experi- 
ment on two occasions, once in Tondiarpett under very 
favourable circumstances as it had been in use for eight 
months and the animals were a very fine pair of 
bullocks that had been thoroughly trained to the work 
and once near Bellary on the most recent type of lift, 
but with animals which were apparently scarcely strong 
enough and in consequence they did not work well. 
Unfortunately, their weight could not be determined as 
the owner was unable to allow them to be marched 
into Bellary to be weighed and the observations have, 
therefore, not heen included in the tabular statement. 
The lift possesses two very serious defect" which are 
rendered more apparent hy the light construction of the 
parts: (1) The buckets are filled and emptied by means 
of a valve, which is liable to get out of order and leak, 
and which at all times requires a strong pull to depress 
the lever which opens it when the full bucket is drawn 
uj- to the discharging point. (2) The draught is direct 
and is exceedingly heavy, being equal to the weight of 
water lifted, the weight of the bucket and the force 
necessary to overcome the resistance of the rope passing 
over a number of small iron guide pulleys. The 
buckets are supposed to be balanced and are so except 
near the end of each lift vhen the empty bucket, sinks 
into the water but the friction of the ropes is so great 
that, the weight of the empty bucket isviot, more than 
sufficient to drag the length of slack rope, to which it is 
attached, back into the well. The lift near Bellary was 
supplied with 30-gallpn buckets and 1 worked it with 
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twelve coolies through the dynaraometer. The buckets 
discharged about 27 gallons and the pull averaged 
370 lbs. towards the well and 350 lbs. away from it, 
and at the end of each lift rose to 500 lbs. due to the 
force which had to be exerted to hold the bucket of 
wnter in the air and depress the levers which open the 
valve against, the pressure of water on it. Similar 
results were obtained in Tondiarpett, though the figures 
weie smaller, as 25-gallon buckets were in URe. Only 
the very highest class of cattle can exert such heavy 
draughts and even upon them the work tells very 
severely and they rapidly deteriorate. The draught 
could, of course, be lessened by the use of smaller 
buckets, but the outturn of water would be correspond- 
ingly decreased and the percentage of power wasted 
in friction would rise so much as to make patent the 
defects of this method of rising water. The use of 
larger guide pulleys, a more rigid system of construction 
*md the introduction of a simple system of pul^y 
blocks to diminish the draught by one-half, would 
increase the efficiency of this water-lift very materially, 
but, at the same time, would add so largely to the cost 
as to render it prohibitive. 

The Kev. Mr. Andrew’s Persian wheel, which was 
the first he had made, possesses the great advantage 
that the cattle do not have to reverse the direction of 
motion of the* whim at frequent intervals, and that 
consequently no time is lost or energy wasted in use- 
less work. It was well constructed, and though 
capable of minor improvements* it may be taken to 
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represent fairly the capabilities of this class of water- 
lift. The continuity of action renders it extremely 
suitable for shallow wells in which the water level varies 
but little and for such conditions a smaller wheel and 
smaller, but more numerous, buckets would undoubted- 
ly increase the efficiency. From a ryot’s point of view 
it is too costly, and contains too many working parts, 
to ever have a chance of being extensively used in this 
country in any other than the crude form already in 
use in the North. 

The double mhote is interior to Stoney’s modifica- 
tion which has already been discussed and its defects 
are most conspicuous on deep wells as the motion is so 
slow that, the leakage 'from the leather discharging 
trunks — and they always do leak more or less — be- 
comes a serious matter, and a bucket which starts on 
its upward journey full of water often arrives more 
than half empty. It has been extensively tried in 
certain districts and has answered well when care was 
taken to keep the buckets in very good order, but that 
they should be so maintained for any long period is 
more than could be expected from the ryots of this 
country and the troubles from leakage have, therefore, 
caused the double mhote to be regarded with 
disfavour. 

The two systems of working the single mhote as 
practised in Coimbatore ami Bell ary f and known in 
Northern India by the terms Lagor and Kill , 
respectively, have already been described. I^s diffi- 
cult £o say what circumstances have determined the 
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ryots in their choice between these two systems as 
they are often to be found working on apparently the* 
wrong system, but it is easy to see that for shallow 
wells and small cattle the time lost, in detaching the 
cattle at the end of each lift and attaching another 
pair, is not compensated for by getting rid of the 
necessity for backing the cattle up the incline. With 
a shallow well and a small bucket or bag, each lift 
represents the expenditure of only a small amount of 
work, whilst with a deep well and a big bucket, a 
large amount of work is done in each cycle of oper- 
ations. With the heavy cattle, which must necessarily 
be employed where buckets of large capacity are used, 
there is probably greater difficulty ex|>erienced in 
getting them to back up the inclines and, therefore, 
more time wasted and more fatigue incurred than is 
usual vdth small cattle. Where the ryots are poor 
incl the cattle undersized t he Lmjor method of working 
' often only adopted, because they cannot afford m 
work Kili and it may be generally laid down that the 
first system is best suited to shallow wells, probably 
under 25 feet in depth, and the second systems to 
deep wells, especially, when they are worked by heavy 
cattle. The modification in working due to M. R. Ry, 
Subba Row will probably fre found to be of the 
greatest use in places where the Kili system is not used, 
either from wanUff a ^sufficient number of cattle on the 
part of the ryots, or because the wells are of small 
capacitjPand too rapidly exhausted when more than 
a single pair of cattle are worked gn them. To obtain 
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good results with the single rnhote, it is necessary that 
the capacity of the bucket should he suited to the 
size of the cattle and the gradient of the run, and it is 
evident that in many cases this is not so, with the 
result that the external work done hears a small ratio 
to the total muscular energy developed. Where the 
proper system of working is adopted and the capacity 
of the bucket is suited to the weight of the cattle, the 
single rnhote is an exceedingly simple, cheap and 
effective water-lift and is especially convenient from 
the fact that a varying depth of water in the well 
causes absolutely no trouble whatever in working. Yet 
it is not without its disadvantages, and the ryots 
would gladly welcome any suitable substitute for 
leather* in the discharging trunk, so as to be able to 
dispense with the necessity of employing chucklers to 
repair it. Stout canvas has been user! in some instances 
with great success, both in respect to durability and 
^cheapness, and if a knowledge of this fact was widely 
diffused, it would confer no small benefit upon the 
ryots of Southern India. So far as I arn aware, self- 
filling iron buckets have not been tried with the single 
mhote though there seems to be no reason why on 
Stoney’s system, at any rate, they should not be a 
sut cess. 

* Leather manufactured by the chrome process has recently 
been introduced for water buckets and expononce shows that it is 
a great improvement on the material supplied by village chucklers 
or country tanneries. In recent years, also, owing to ti« great rise 
in the price of leather, iron buckets are much more largely used 
than was the care when these experiments were made. 
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Tn conclusion, it sccins desirable to attempt some 
estimate of the cost of raising water by means of 
cattle. A careful study of the figures given in Table 
V leads me to the conclusion that under normal 
circumstances the coefficient of utility for Indian 
cattle, kept at work for about (1 hours a day will be 
3*50. and that a pair of animals weighing 1400 lbs. will 
lift i960 gallons }>er hour from a depth of 25 feet, and 
that a fair day's work may be taken to be 12,000 gallons 
raised 25 feet. The cost of keeping such a pair of 
animals including interest on their value and allowing 
for their depreciation together with the expenses inci- 
dental to the upkeep of a m/tole, will be about 12 annas 
per day or assuming that they are at work on 
ffltree- fourths of the days in the year, the cost per work- 
ing day will amount to one rupee. For that sum there- 
fore, three million foot-lbs. of useful work can be done. 

'1 o cover an acre of land to a depth of one inch involves^ 
tin application of 22,087 gallons of water and the cost 
ol raising this from a depth of 25 ft. will be Rs. 1-14-3. 

It is seldom, however, that these expenses are 
defrayed in cash. The ryot breeds his own cattle and, 
from the land cultivated, their food is wholly or partly 
obtained, whilst the servant who looks after them 
receives the greater part of his* wages in kind. Any 
considerable extension of well cultivation, in a few 
years, would materially change this primitive state of 
affairs, hjj there is neither capital norjlabour available 
to allow of any rapid increase in area and both capita) 
and labour will have to be provided, 
s 
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UNDERGROUND WATER-SUPPLY.* 

Daring the past few years India has been visited 
by two famines over widespread areas and several 
severe droughts, which have affected smaller but still 
very considerable tracts of country. The agricultural 
population, and those directly dependent on them, 
have been thrown out of employment and their slender 
resources being soon exhausted, in enormous numbers 
they have been forced to seek for the means of subsist- 
ence on the relief work- which Government have open- 
ed. In good or even average years the exports of 
wheat and other food Muffs from the country prove that 
the area under cultivation is still in excess of the 
^requirements of the rapidly-growing population. In 
famine years the surplus produce of the non-affeeted 
parts of the country is diverted from the export trade 
and carried by the railways to places where there is a 
local deficiency, so th.it in the worst years there is 
enough food for all and it is simply the poverty of the 
people that puts it beyond their reach. A succession 
of favourable seasons would materially improve the 
condition of the land-owning classes but it would lead 
to no accumulation of grain in the villa^s and the 
labouring classes during these years of plenty will 
• Thf Indian Rtvieu.^ June 1900. 
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simply increase in numbers and the next failure of the 
rains will find them as now — only more of them — in 
complete destitution. 

The problems which Indian Administrators are 
called upon to face in the immediate future, to combat 
this deplorable state of affairs, are very difficult 
and the solution of them will make as heavy demands 
upon the energy and resources of the executive as have 
ever been made in the past. It is generally agreed 
that the most pressing necessity is the development of 
industrial occupations whereby new sources of wealth 
may opened out and Ihe land relieved of the exces- 
sive proportion of the population which it now entirely 
dependent on it. The mineral wealth of the country 
must he utilized to supply its own requirements, new 
industries must, he introduced and old ones resuscitated. 
Instead of exporting nothing but raw materials, it will 
he necessary to send them out in a manufactured state- 
arm *he internal trade of the empire will have to be 
worked up with some semblance of the energy and 
perseverance which the Japanese have displayed in 
rendering themselves independent of foreign manufac- 
turers. 

Work of this kind, however, proceeds very slowly 
and it will be many years, if <^er, before India can be 
justly ranked among the manufacturing countries of 
the world, and iif the meantime more attention must 
be paid t^ the great work which has been going on all 
this century, that of rendering the work of the cultiva- 
tor as far as possible independent of 4be variations of the 
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seasons. By anicuts and canals we have practically 
made use of all the water in our great rivers which can 
be relied on to flow continuously through the cultiva- 
tion season. By huge reservoirs or tanks many irregu- 
lar sources of supply have been turned to account and 
nearly all the obvious sites for storing water have 
been occupied. In the future, therefore, the work will 
be more difficult and more cosily than it has been 
hitherto and it is hopeless to expect that the splendid 
financial results of the past will be again repeated. Yet 
in the South of India, at any rate, much can he done 
to economise water hy improving the means of distri- 
bution and preventing the ryots from using it with 
actually harmful extravagance. The whole (piestion 
of what is technically known ns the “duty of water’ 
requires years of careful study ancl experiment, and it 
can hardly he doubted that the time has come when a 
^special branch of the Public Works Department should 
be established for the scientific investigation of this and 
other problems peculiar to Indian engineering. The 
work that is going on now at Assouan on the river Nile 
where a huge dam is under construction to store up 
part of the flood waters in a long narrow reservoir will 
probably be repeated on some of our Indian rivers 
and the investigation anH designing of projects of this 
kind will call for the highest possible ingenuity and 
skill to render them at all feasible and f with in the limits 
of our financial resources. t 

* In fact, the storage of water is likely to become the 
great Indian engirfrfring problem and attention will 
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doubtless be paid to that portion of the rainfall which is 
absorbed by the earth and disappears from sight, to find 
its way by deep and tortuous passages to the sea. Two and 
one-half million wells irrigating fully ten million acres of 
land attest the importance of the subterranean supplies 
of water and indicate that in this direction there are 
immense possibilities. Underground water in India, 
has never been studied properly by engineers or geolo- 
gists, and wells are sunk, in a happy-go-lucky 
manner to a haphazard depth. They are construct- 
ed with primitive appliances and at small cost. 
Expectation." arc not usually great and, as they are 
generally realized, the people are content* Some wells 
dry up in the hot weather, some wells always respond 
to the demands that, are made upon them, but nothing 
is really known about their capacity to supply water. 
\ elementary calculations, however, will show that 
4 he quantity of water drawn from most wells is but hr 
insignificant fraction of the stores that must be below 
and which are continuously passing away through 
permeable strata till they ultimately reach the sea. 
Where the average rainfall is 30 inches per annum we 
may assume that one-third of this sinks below the 
surface and that, therefore, each square mile of land 
receives 640,000 tons of water. If but one-half of this 
quantity could be extracted from the earth by pump- 
ing from wells if would yield a continuous supply of one 
cubic foqf per second for 1 36 days, which, with econo- 
mical use, would fully suffice for the irrigation o£250 
acres. Thirty-six m botes and, •thirty-six pairs of 
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bullocks working steadily for six hours a day would 
draw out this quantity of water from a depth of 20 feet. 
Now there are no data available as to the number of 
wells 'per square mile. In parts of such districts as 
Coimbatore they are very numerous and the total yield 
of water from them may exceed one cubic foot per 
second per square mile, hut, over the greater part of 
India nothing approaching this quantity is obtained. 
From such data a.-s are available, I estimate that wells 
in India yield about 40,000 cubic feet per second, a 
very large quantify of water hut equal to only one- 
thirty-fifth of a cubic foot per second from tire 
1,400,000 sqfiare miles of total superficial area, (her 
a great part of India the rainfall is more fhan 30 
inches a year and we know nothing as to what become.- 
of the vast quantity of' water which annually sinks into 
the earth. We know that in some distiicf - there are 
ymany wells with a good supply of water, in others few 
wells and the yield very precarious Sometimes the 
reason is obvious from The nature of the surface and 
the configuration of the ground, hut in most cases it is 
just the reverse and many wells have been *unk by 
engineers in whrd were considered likely -.]»< >1 and have 
turned out useless. 

The great majority of wells in thi*. Presidency 
range’ from 20 to 40 feet in depth. They, therefore, 
derive their supply of water, with the exception of such 
wells as actually tap under-ground springs^ from an 
inverted conical mass of eaith. the axis of which is the 
well and ifte vertex He water-level. Kach well is the 
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centre of a certain mass of earth which absorbs water 
from the surface percolation until it is saturated and 
any excess slowly moves alone; the line of least 
resistance. The well alters the direction of these lines 
and some water flows into it, hut the greater part of 
the water sinks vertically till it reaches impervious 
strata. The deeper the wells the greater is their 
action in deflecting the lines of sub-soil flow and in 
some cases there is no doubt that vigorous pumping 
after heavy rain would materially increase the volume 
of the cone influenced by the well. ThK of course, \> 
the time when wells are left alone and advantage is 
not taken of Mich opportunities to form lines of sub-soil 
flow towards the well. 

Artesian wells have been carefully studied in many 
lands hut w r ells of the types found in India have been 
•ejected and we know practically very little about 
them. Isolated experiments will not teach us much- 
owing to our inability to see what is going on inside 
the cone of influence round the well. The intelligent 
ryots of the country have probably a good deal of 
information about the behaviour of their own wells 
and of those belonging to t heir neighbours and skilful 
examination of villagers in well-irrigation districts 
might lead to the collect ion of some useful preliminary 
data which might serve a." the starting point for 
further enquiries. Very few wells exist wliieh are 
known ty»yield enough water to offer any inducement 
to employ mechanical arrangements for pumping w^ter 
from them. Tt is easy to see why .this is so. The depth 
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of the well i6 limited by the fact that the primitive 
methods of sinking in vogue among the ryots prevent 
them going more than a few feet below the hot weather 
level of the water. With an engine and pump to keep 
the well dry much greater depths might be attained and 
possibly the supply of water enormously increased. 

It is generally considered that mechanical methods 
of pumping water for irrigation are too expensive to be 
employed and it is generally supposed that animal 
power is the only means available. Let us consider an 
imaginary case and then see how far the conditions are 
likely to be realized in practice. The well is a deep 
one and yields half a cubic foot per second with a water- 
level about 40 feet below the ground. It is provided 
with an oil engine and a pump. The engine is only 
worked for 16 hours per day and, therefore, has to lift 
250 gallons per minute throughout that period. 

Allowing an efficiency of 40 per cent, for the 
‘gearing and centrifugal pump, the engine would have 
to develop 7-| brake-horse-power and would consume 
one gallon of kerosine oil, costing 7 annas per hour. 
The monthly expense which such an engine would 
entail may be taken as follows 

Rs. 

Fuel for 24 days at Rs.«,7 per day ... 168 

Wages for 2 drivers at Rs. 12 & 10 per month... 22 
Lubricating oil, waste and stored .. 15 

Interest and depreciation on capital outlay, cost 
of repairs, etc., at 12^ per cent, per annurp on 
t Rs 3,000 ... 32 

Total ... 237 
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Compare this with the cost of working with cattle. 
In the paper on u Water-Lifts” we obtained the result 
that with a mhote for one rupee three mil lion foot lbs. 
of work could he done. In this case the oil engine 
develops 74 per cent., of which 40 per cent, is used 
effectively, so that the work done by the engine is 
equal to 18 horse-power hours, one horse-power hour 
is equivalent, to 1, 1180,000 foot lbs. of work in one hour, 
48 horse- power hours represents the performance of 
95.040,000 foot lbs. of work, which at 3,000,000 per 
rupee would cost Us. 32 nearly. That is to say the 
engine and pump will do as much work as 32 pairs of 
cattle, the cost of maintaining which \\aill he Rs. 720 
per month. As the engine only costs Rs. 237 per 
month it is ohvious that it will raise water at one third 
the cost of doing the work by cattle. 

A further economy can however be effected by 
c. ing liquid fuel af. As. 3 per gallon in place of kerosiup 
oil at As. 7 per gallon. The consumption would & 
the same and a saving of As. 1 per gallon or Rs. 4 per 
day would be effected. Making an allowance for the 
kerohine oil necessary to stait the engine every day the 
monthly charge would be reduced to 11s. 144 which is 
exactly one-Iifth of the cost of keeping 32 pairs of cattle. 

It would be useless to Tollow up the comparison 
between the two methods of pumping any further. It 
is sufficiently demonstrated that the employment of oil 
engine^ for pumping water is a perfectly practical 
method and can be employed with advantage whepever 
the quantity of water to be dealt.vdth amounts to half a 
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cubic foot per second. The initial capital outlay is 
beyond the means of the ordinary ryot but it is not 
beyond those of many landowners, and if only suffici- 
ent interest could he aroused among; them in the im- 
provement of their estates, the ultimate benefit to the 
country at large would he incalculable. 

The two and one-half million wells in India repre- 
sent a eapital outlay not far short of forty (Tores of 
rupees and what is wanted almost as much as new wells 
is the systematic improvement of those already in 
existence. Many are probably far too shallow and 
others are too small and do not present a sufficient area 
for percolatiorj. To jump holes from 10 to .‘HI feel in 
depth and a few inches in diameter at tiio bottom of 
some wells is not a very difficult matter and the value 
of the tube would probably he greatly enhanced if the 
rock at the bottom were loosened by the explosion of 
two or thtee MnaJI charge?- <>f dynamite. To run short 
adits in the hot weather from the bottoms of many wells 
is perfectly feasible and both methods, if tried, would 
yield results far in excels of the cost. Vet these things 
are not done because the ryots do not know' of their 
value; and even if they did, they would regard (hem 
with suspicion as innovations to be clashed with many 
other attempts, by Kurop’eans, at agricultural improve- 
ments. These arc suggestions which have been tried 
in other places with success but so little do we know 
about this subject that 1 put them forward v^iUi diffi- 
dence and simply with a view to«drawiug attention to 
the urgent necessity* which now exists for a systematic 
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attempt to investigate the conditions under which the 
stores of subterranean water exist. 

The matter is one surrounded with difficulties and 
it is only by an intelligent co-operation of wealthy 
land-owners, who can afford to install engines and 
pumps for the irrigation of their lands or the cultivation 
of their gardens, with persons possessing a sufficient 
knowledge of engineering and geology that, anything 
can he done. In this country we rely too much upon 
official efforts and too little is done by the enterprise 
of educated and enlightened pi irate individuals. In 
England, the late Mr. <i. J. Syniomh enlisted the 
services of thousands of meteorological observers and 
established a system of recording data connected with 
rainfall in the Krit i.-h Isles which haspioved of national 
importance. The agricultural experiments carried out 
on the Rothamsted farm Sv Sir John I .awes and Sir 
Henry (filbert, for more than half a century, is another^ 
instance of private work which has done much t<# 
‘■on vert rule of thumb practice into a scientific proce- 
dure and farming all over the world has greatly bene- 
fited horn their di-fin tested labours. Nothing of this 
kind has ever been attempted in India and I venture 
to think that the problems presented by well irrigation 
would he t filling subject for investigation and one iri 
which many workers might, profitably engage them- 
selves. I have Aideavoured to show how little is ieally 
known and I cannot doubt, that if the work were started 
it would^radually result in additions to our knowledge 
which would prove of great, benefit to the whole 
community. 



CHAPTER 111. 


WELL IRRIGATION.* 

In June 1900 I contributed a short article to this 
Review on the very important subject of “ Under- 
ground Water-supply ’’ in which I endeavoured to 
show that the information available regarding the 
ultimate disposal of the rainfall in India was very 
limited, and that consequently it wa> desirable to 
scientifically f study the question with a view to utilizing 
a much larger proportion of the ruihterrauean water for 
irrigation than is at present done. As a preliminary 
step it was obvious thal more powerful and cheaper 
methods of lifting water than by water-lifts worked by 
cattle were essential, and 1 showed that the oil engine 
when employed to pump from a well yielding on an 
average throughout the day half a cubic foot per second 
or 190 gallons per minute was considerably cheaper 
and more convenient than any form of water-lift worked 
by means of animal-power. 

The importance of well irrigation was fully recog- 
nized by the Irrigation ( ornmission and a large amount 
of evidence was tendered by many witnesses. The report 
of the Commission may he expected t?o contain practi- 
cally a complete summary of all the information avail- 
able and will serve as a starting point for further investi- 
* The iudian Review, August 1SKJ2. 
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gations. Funds have already been placed at the disposal 
of the Madras Government for experimental work in 
this direction and during the next few years there is no 
doubt that a serious effort will be made to render avail- 
able for agriculture a very large quantity of the water 
which now runs to waste beneath the *urfaee of the 
earth. 

In the year 1900-01, there were in the Madras 
Presidency 015,520 wells from which water was drawn 
for irrigation and the area of cultivated land partially 
or entirely dependent upon them was 1.171,346 acres 
of first, crop and 498,878 acres of second crop. Koch 
well on the average supplied water to only two acres of 
land and naturally the question arises-- Ts full use 
made of the stores of water below the soil ? In many 
cases, possibly in a numerical majority of the cases, 
there is little doubt that all the available supply is uti- 
lized but in what may perhaps be a comparatively in- 
significant minority of wells the available supply \i 
enormously greater than the present demand and vast 
quantities of water remain unused. It must he within 
the personal knowledge of most people that there are 
wells which yield a good supply of water through- 
out the year and never dry up even in years of severe 
drought. Such wells Fhould b? examined and attempts 
should be made to pump them dry. Many wells are 
only made use of to the extent that tanks would be, if 
they wer* only provided with high level sluices through 
which the upper water in the tank, and that qply, 
could pass through the bund to tjje* irrigation channels. 
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In the south of India well-sinking is a very pri- 
mitive business arid the hetter the supply of water, 
generally the shallower the well. A ryot wants a well 
and, having selected a spot which he thinks suitable, 
he sets to work and either sinks a hollow cylinder of 
brickwork into the ground till water in sufficient quan- 
tity t° satisfy his expectations is reached, or lie exeavates 
a big rectangular hole in the disintegrated rock 
which forms the sub-soil and goes on deepening it till 
the inflow of water is greater than can be dealt with 
by the modest water-lifting appliances at his dis- 
posal. \ ear after year in the hot weather when the 
water level is f low. he may increase the depth by add- 
ing to the nu in her of mho1e> on the well and in this 
u'ay many valuable water-yielding well- have been sunk. 
Let us suppose, however, that t lie tin watering oft lie 
well in the hot weather is accomplished by a powerful 
engine and pump, the work of excavating will be easy 
and the depth may be rapidly increased till eithei the 
inflow is greater than can be dealt, with or practical 
considerations clearly indicate that it is not worth while 
to go any deeper. For water to flow into a well (lie level 
in the well must be lower than in the sub-soil and the 
greater the difference in level, the greater is the force 
tending to make the wnt^ flow into the well. Hut the 
lower the level in the well, the greater is the amount of 
work which has to be done to raise the^water above the 
surface and ryots prefer numerous shallow v^ells to a 
few deep ones. The number of cattle employed in lift- 
ing water is enormous and it is improbable that any 
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great extension of well cultivation can take place under 
tlie present system for lack of animal power to do the ne- 
cessary work of extracting the water. A ryot must have 
cattle and while the crops are growing they can be pro- 
fitably employed in raising water, but directly he hag 
to keep cattle specially for the purpose, well irrigation 
becomes expensive and unprofitable. A pair of good 
serviceable bullocks in constant work cannot be kept 
for less than Ks. 22-8 per month including the wages of 
a driver and the work they do can be far more cheaply 
performed by a good oil engine or steam engine, But 
these machines, even when of the smallest size practic- 
able. are far too big for the work of drawing water from 
ordinaiy wells and they can only be employed when 
the conditioiH are unusual in respect to the volume of 
water to be obtained from a well. A 3i liorse-power 
oil engine, which is the smallest size it is advisable to 
employ, can be worked for 10 hours a day at a cost of 
3 A- rupees ami will do as much work in lifting water a^ 
’ 6 pairs of pood cattle costing Ks, 337-8 a month, 
forking 24 days in the month the engine will cost 
Kb. H i so that the cost of pumping by an oil engine of 
this size, driving a three inch centrifugal pump, is 
almost exactly one- fourth what it is when bullocks are 
used, provided only that. there#is sufficient work to keep 
the engine fully employed for the time specified. 

Before developing further the idea of employing 
oil engines for well irrigation 1 propose to briefly des- 
cribe an # experiment now in progress. About (i miles from 
Chingleput is a small Christian settlement founded 
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by Mr. Andrew of the Free Church of Scotland Mission. 
About 50 acres of land are under cultivation and the 
crops are watered by 5 wells which have been sunk 
since the settlement was started eight years ago. 
Greatly interested in the question of well irrigation 
Mr. Andrew offered to allow me to conduct experiments 
on his wells and with the assistance of funds placed at 
my disposal by the Madras Government, at the instance 
of the Chief Engineer for Irrigation, Colonel Smart, 
R. E., 1 have heen aide to put to the test of practical 
working the idea of using oil engines. I selected what 
was supposed to be the best well on the settlement and 
at the beginning of March I tried to un water it by 
working a Persian whe»] continuous! \ night and day 
by means of relay » of bullocks. I soon found it desir- 
able to increase the pumping power and accordingly a 
pieottah was s*»( up and worked by gangs of coolies 
night and day. The draught <m the well amounted to 
Vbout 2,500 gallons pei hour or allowing for irregular- 
ities t.o between fifty and sixty thousand gallons per 
day. This resulted in a gradual lowering of the water- 
level till the depression amounted to oi feet, when the 
level beeame stationary and the inflow waseijual to the 
amount withdrawn. Arrangements were then made 
with Messrs. Massey oc Vo. of Madras, to supply a 3£ 
horse-power Horhsby-Ackroyd oil engine and a 3-inch 
centrifugal pump, the combination ‘being capable of 
lifting 170 gallons of water per minute to a height of 
30 feet. Pumping was started at the end of March 
and in a few hours the well was emptied. An attempt 
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was then made to deepen the well and a central hole 
15 feet in diameter was sunk 7 feet when hard rock 
was met with. To increase the area through which 
percolation could take place, adits were run horizontally 
from the bottom of the well through the partially disinte- 
grated rock. Four were started, hut two of them had 
to be given up before they had been run out 10 feet on 
account of boulders, the other two were carried out- 
wards about 25 feet and 20 feet respectively, and the 
percolation through their sides forms the main source 
of inflow to the well. The cost of the adits was Re. 1 
per foot run, and they were stopped as soon as the rate 
for excavating them rose above that amount. The re- 
sult ol the operations was to increase tld* inflow from 
40 to GO gallons per minute or from 00,000 to nearly 
1)0, 000 gallons per day. Pumping has continued all 
through the hot weather and the inflow has somewhat 
decreased. On the 20th July it was measured and found 
t*» he about 07,000 gallous per day. With the advent 
the rains it is expected that the inflow will material- 
ly increase, hut how much is .piite uncertain. At pre- 
sent ti»« engine runs nine hours a day, in three periods 
of from two to three hours each. When pumping 
ceases, the water accumulates in the well and at the 
beginning of each working interval there is about 
5 feet of water to be removed. The average lift is 
25 feet and the engine consumes about 2 gallons ol 
oil per day costing as. 12. The wages of the driver are 
Rs. 7 per^tionth, so that the total cost of running the 
engine, including the coat of stores, amounts to oiflv 



.50 


LlPT-lKKI<iAT10N. 


Rs. 35 per month. Later on, with longer running hours, 
it may amount to Rs. 60 per month and for this sum, 20 
acres of dry cultivation will be fully supplied with water. 
The capital outlay on the engine and pump and the 
cost oi fixing the same amounted to Rs. 2,500. and an 
allowance of Rs. 40 per month for interest, repairs and 
depreciation will he a very liberal provision, making 
the total monthly charges Rs. 100 when running, and 
about Rs. 50 when standing. Assuming that water is 
required for eight, months in the year, the total cost of 
this engine and pump will he R«. 1 ,000 per annum. 
For this sum 20 acres of dry crop will he watered and 
T am inclined to think that possibly, with the supply 
of water to he expected, the area may he larger, 
hut only a continuance of the experiment over ,se\ eral 
years will enable this to he definitely determined. The 
conditions under which this experiment is being con- 
ducted, are by no inean> favourable and much better 
results could he obtained in many places. The well yields 
a fair supply of water, hut there are undoubtedly very 
many which would give a much greater volume. The 
engine and pump, worked to theii maximum capacity, 
would raise 250,000 gallons a da) to a height of 30 
(eet. or nearly half a cubic foot per second, sufficient for 
from 1 0(i to 125 acre.-^i dry cultivation. Fndersuch 
circumstances, *die cost of supplying water to the land 
would not Amount tomorethan Rs. 12per acrejrenumum. 
This is a result so very satisfactory that, when it becomes 
known and fully realized, it ought to lead to extensive 
employment of these modern methods of lifting water. 
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It, is well known to engineers that the cost ot 
generating a unit of power rapidly decreases as the 
amount of power generated by a single engine increases. 

In view, therefore, of the fact that the great majority 
of wells are unable to yield sufficient water to give 
adequate employment to even the smallest engines, 
it has occurred to me that possibly large tracts 
of land could be supplied with water from wells 
by electrically driven centrifugal pumps, the power 
being generated at a central station and distributed by 
overhead conductors. From an engineering point 
of view the problem is a comparatively simple 
one and iN practicability simply defends upon 
the cost of the installation, both as regards capital 
•Ail lay and working expenses. I have, therefore, 
obtained estimates of the cost ol the machinery from 
well-known firms in Kngland and with the information 
thus obtained J have worked out two imaginary 
-w'ho’nefs, assuming conditions that could be realized in # 
many places in this Presidency. The first scheme is a 
comi natively small one for the irrigation of five or 
*ix hundred acres. All the land is assumed to be 
situated within ;» rectangle 'J miles long and l mile 
wide. The water-supply is derived from twelve wells 
scattered t/^*r the area. Kacfi well may be assumed 
to cost Us. 500, though under favourable conditions 
they would not <?ost more than half this amount as 
the depth is not to exceed 35 feet. The water would be 
lifted by a 3-inch centrifugal pump, driven by a direct 
coupled 3d horse-power electro-njofcor, the pump and 
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motor complete and fixed in the well costing Rs. 750. 
The current would be supplied from a generating 
station situated near the centre of the area, and 5 miles 
of overhead conductors costing about Rs. 650 per mile, 
would be required for distributing the energy. The 
generating station might be supplied with a steam 
engine and boiler costing Rs. 4,000 or with an oil 
engine, in which liquid fuel could be used, of the same 
power costing Ks. 5,000, driving a dynamo costing 
Rs. 1,800, which would give out a current of 27 
amperes at 550 volts pressure, equivalent to 20 
electrical horse-power anti capable of driving 4 of the 
pumps unde?- full load, or 5 under the average load 
which would come upon them. Kach pump would 
discharge 1 50 gallons per minute, so that with 5 
pumps going the supply of water would be 2 cubic feet 
]>er second or sufficient for 500 acres of laud. The 
^ method of working would be to run a motor till the 
Swell was emptied and then shut off" the current and 
allow it to till up by percolation, whilst the current 
was employed in driving another motor in another 
well. With 5 motors running out of 12, water would 
be drawn from each well an average of 10 hours per 
day. Including all item-, the total cost of the in- 


stallation would he as follows: — 

Rs. 

Engine house ... .. 2,600 

Engine and dynamo ,. H .. ,6,800 

Switch board, etc. ... .. 500 

1 2 Wells afr ,500/ ... 6,000 
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12 Pumps and motors at 750/ ... 

Rs. 

9,000 

5 Miles of line at 650/ per mile ... 

3,250 

Contingencies 10 per cent 

2,850 

Total ... 

31,000 

The working expenses would he as follows 

: — 

Repairs, interest and depreciation at 

Rs. 

12j- o/o 

3,875 

liquid fuel at As. 3 per gallon, at 2 gallons 

per hour for 5000 hours ... 

1,875 

Superintendence and labour Its. 1 30 per 

mensem for 12 months ... .•.. 

1,560 

M iscel 1 an ecus stores 

• 

200 

Total 

7,510 


This is the cost- of watering 500 acres of land 
and equivalent to Ks. 15 per acre per annum, the land • 
>'eing under cultivation practically the whole time. 
This a high charge for ordinary wet crops, hut 
it is hy no means excessive for garden cultivation, 
such as is practised in agriculturally advanced districts 
like Coimbatore. For projects of this kind to pay, it 
naturally folV.ws that when all flhe resources of modem 
engineering are devoted to the problem of supplying 
water and a considerable outlay in machinery and plant 
is involved,^ the agricultural operations must be of a 
similar character and the cultivators must be prepared 
to put capital and labour into their fields to obtain the 
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beat possible results. The selection and rotation of 
crops must be judicious, the lands must be well 
manured and in general terms what is known as intense 
cultivation must, be practised. 

Let us now consider the possibilities of operating 
on a much larger scale and for this purpose we will 
assume that there is a strip of land about 10 miles 
long and from one to two miles wide lying alongside a 
river channel. Such a piece of country actually exists 
on the Palnr River, not far from Chingleput. The land 
near the river will probably be at a slightly higher 
level than further away and as the wells will draw their 
water-supply mainly from the subterranean How of the 
river they wdl all be situated near the rhei bank. The 
wells will be sunk near the river bank at an average dis- 
tance apart of one-fourth of a mile. In all, there will be 10 
such wells and the power station w ill be situated in the 
middle, with 20 wells on either side, the most distant 
well being 4» miles off. Assuming that the average 
inflow into each well is half a cubic foot per second 
and that the average lift is 30 feet, the total actual 
work which will have to he done by the pumps will be 
G8 horse-power. To determine the power required at 
the generating station, we may make the following 
assumptions reganling l the efficiency of each part of 
the system of power distribution : — 

Efficiency of dynamo ...» 90 per cent. 
Efficiency of transmission ... 90 per cent. 

I)o. motor ... ... 80 

Do. yump 45 „ 
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Combined efficiency of whole system 30 per cent. 
»o that the engines will have to furnish 227 horse- 
power. The following estimate of the cost of the plant 
may be taken as approximately accurate : — 


Engines 
Dynamo ... 

Engine house 

Switch board and fittings ... 

40 wells at Rs. 500 each ... 

40 motors and pumps at Rs. 750 
each 


Rs. 

45.000 
0,000 
7,500 
2,000 

20.000 

30,000 


Overhead conductors 10 miles at 

Rs. 1.500 a mile ... ... 15,000 

( ’on tin gen cies. 10 per cent. ... 13,700 


Total ... 1.42.200. 


The working expenses on an assumed running of 
5,000 hours per annum would be : — 

Rs. 

Fuel lor engines ... ... 11,250 

Superintendence and labour... 3. GOO 

Repairs, interest and deprecia- 
tion at 12^ percent. ... 17,775 

Miscellaneous stores ... 1,000 


Total ... 33,625 
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The area that could be irrigated would be between 
four and five thousand acres and the annual charge for 
pumping would amount to not more than Rs. 8 per acre. 
The case considered is perhaps a favourable one, but 
without doubt a careful examination of the country 
would reveal many such, and it is eminently desirable 
that advantage should be taken of the natural facilities 
where such exist. 

So far we have only considered the question of 
well irrigation when the power is supplied by steam, gas 
or liquid fuel engines, but it is open to us to go one step 
further and consider what use can be made of water- 
power, which in certain districts is available in vast 
quantities throughout the greater part of the year. With- 
out going into details, one or two general facts may be 
noted which tend to show that there is a wide field open 
to engineers in India, in utilizing the power of water- 
falls to lift water from wells over very extended areas. 
'For industrial operation.** a continuous supply of water 
all the year through is generally essential, and expen- 
sive storage works have to be constructed 1o tide over 
the period of scarcity of water during the hot months 
of the year. When the water-power is to he used for 
pumping water from w'ells the failure of the supply of 
power during the hot weather h of little or no import- 
ance, as the cultivation can be si arranged that the 
land requires do water at that season. Water-power 
can, therefore, be provided aM much less expense for 
su^jli schemes as we are now discussing, and if it be a 
profitable undertaking to generate power at the Can- 
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very falls and carry it over 90 miles to the Kolar mines, 
under onerous conditions regarding failure of the supply, 
it is obvious that it will be still more profitable to 
utilize water-power under the much less exacting 
conditions which would prevail in irrigation pump- 
ing* 

The report of the committee on utilization of 
water-power at Periyar stated that electric energy could 
be delivered in Madura, 80 miles away, for Rs. 22-8 
per horse-power per annum, and in Madras for double 
that sum or R>. 45. It is more than doubtful, however, 
if this result could under any circumstances be attained 
and it would be safer to assume that the actual cost 
would be about three times as much; hut even then it 
would appear to be practicable to lift water from wells 
or rivers by the agency of electrically transmitted 
energy over the greater part of the South of India. 
The minimum power available at the Periyar during 
ten months of the year is officially stated to be 30,00ft 
‘.orse-power ami there is reason to suppose that the 
efficiency of the whole system of generation, transmis- 
sion and utilization would be one-fourth, so that 7,500 
horse-power would be the work actually accounted for by 
the water lifted. On an average lift of 40 feet this 
would ho equivalent to l,650*eubic feet per second, or 
sufficient for 412,500 acres of land. At Rs. 10 per 
acre for annual charges this would amount to 41 \ lakhs, 
and won]*! permit of a capital expenditure of at least 
3 crores of rupees, probably a much larger sum Jihan 
would actually be needed. 
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I have drawn attention to the possibilities atten- 
dant on the utilization of water-power for pumping 
purposes because, ultimately, I think they will be 
realized ori an exceedingly big scale; but that day is 
yet, distant, and the business of immediate practical 
importance is the smaller schemes which I have out- 
lined in this note. They involve but a small expen- 
diture ; each one, started and proving successful, adds to 
the store of information we must gather about under- 
ground water, and places us in a position to ensure that 
in subsequent undertakings the risk of failure will be 
a constantly diminishing quantity. The exceeding 
simplicity of wprking. characteristic id good oil engines, 
and their remarkable economy in the matter of fuel, 
has changed the conditions under which water-lifting* 
can be undertaken. It is necessary to reconsider the 
position and demonstrate by practical working, that 
the primitive appliances of the ryot can be superseded 
Wy methods of water-lifting so greatly superior as to 
open out entirely new possibilities regarding the 
utilization of subterranean water. 



CHAPTER IV. 


IRRIGATION WITH OIL ENGINES.* 

I. 

The problem of lifting water from one level to 
another presents many phases and under certain condi- 
tions calls for the highest engineering skill and 
mechanical ingenuity. The natives of India, as the 
result of the accumulated experience of centuries, have 
with the Persian wheel, the mhote, the piccotah and 
the ba<ket scoop, reached a high, degree of perfection 
in their methods of applying animal or'human power 
the raising of water for the irrigation of small patches 
of cultivation. Over and over again the defects of 
native appliances have led to attempts being made to 
improve them, and especially in recent years a very 
large number of patents have been taken out for wate^- 
lilts by all sorts of people. Some of these by dint of 
advertising have met with ephemeral success, but in no 
instance lias a modern water-lift survived the test of 
time. The piccotah and the mhote, each in its own 
way, are better suited to the conditions under which 
the India!? ryot works than jpiy of the more efficient 
but more complex machines lor raising water which 
have been devised. 

The experiments which the tfovernment of Madras 
are nowlindertaking to test the feasibility of employing 
* The Madras Mail {PQ5. 
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modem motors and pumps for irrigation on an exten- 
sive scale have attracted a great deal of interest 
throughout the Presidency, as evinced by the corres- 
pondence which from time to time appears in most of 
the daily papers. A careful perusal of the letters which 
have been published shows that very little is known 
about the question and that most erroneous views 
prevail everywhere. It is therefore proposed in this 
and in future articles to state, as far as possible in 
simple and non- technical language, the facts regarding 
the possibilities of the various forms of motive power 
which can be employed in this country for the purpose 
of raising water. 

The millions of wells scattered all over the country 
attest the enormous importance of well-irrigation, but it 
is estimated that throughout the length and breadth of 
Tndia not more than 1 per cent, of the total rainfall is 
recovered from the water stored beneath the soil. A 
fjprvey of the wells of the Presidency reveals the fact 
that by far the great majority yield a supply of water less 
than or just sufficient to keep a single water-lift at 
work. That is to say, the capacity of the wells is 
determined by the capacity of the means employed in 
un watering them at, the time they were sunk. More 
powerful pumping appliances would have enabled a much 
greater depth to have been obtained, and it is unquest- 
ionable that the available quantity ofi water would in 
consequence have been enormously increased. It must, 
however, he fully recognised that the effect of ]fumping 
on a* large scale wil^be to lower the level of saturation ; 



IRRIGATION WITH OIL ENGINES. 


61 


and the amount of work which will have to be done to 
obtain a larger supply of water will be greater in pro- 
portion to the quantity obtained than at present. It' 
therefore follows, that if improved methods of doing 
work are to be successful they must be not only more 
powerful but also very much cheaper. 

From experiments which have been made in 
various places it appears that the cost of raising water by 
native methods is by no means so cheap as is generally 
supposed. Experience extending over many years at 
the Agricultural College, Saidapet, has enabled the 
authorities there, to slate that they were able to raise 
4,000 c. ft. of water 1 foot high for 1 anna, which 
means roughly that the cost of irrigating an acre of 
land to a depth of 1 inch Irom a well 2o ft. deep is 
about Ks. l-K. This may he accepted as the cost of 
irrigation under favourable conditions in normal years. 
But in seasons like the present the cost of keeping 
cattle in good condition and fit for the heavy work off 
f.nter-liftiug is more than doubled, and it would be 
certainly within the mark to say that at the present 
time to lift an acre inch of water from a well 2o ft. deep 
costs more than Ks. 3. It is, therefore, almost impos- 
sible to obtain accurate figures regarding the cost of 
native methods of lifting water. It. is always a heavy 
item, but it is difficult to express it in currency terms. 
It varies materially from year to year, and unfortu- 
nately in dry years when water is most wanted, then 
the high •price of fodder mak^s the cost of water-lifting 
extremely heavy. 
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Now, with mechanical appliances the conditions are 
much more favourable. 'Hie seasons do not affect the 
price of fuel, and though throughout the year interest 
charges have to be paid and a man must he kept to look 
after the engine, yet when the rainfall is favourable and 
little water is required the cost of running and the depre- 
ciation are very small. On the other hand, in tunes of 
drought when thequantity of water required is very large, 
it is easy to run the engine for longer hours to obtain a 
much larger supply, and the extra cost of doing this 
is usually more than compensated for by the enhanced 
prices which the products of agriculture then yield. 

From fin* experiments which lm\e been in pro- 
gress throughout the last three years it has been 
possible to obtain fairly accurate figures regarding tlfe 
cost of raising water with oil engines and pump'. Hut 
any attempt to compare these figures with those which 
would have been obtained had native appliances been 
^lised is.rendered almost impossible owing to the extreme 
difficulty in estimating what would have been the cost 
of doing work under such conditions. 1 shall certainly 
not overstate the case in favour of the oil engine and 
pump when 1 claim that they are capable of doing the 
work at less than one-half the cost of native methods; 
and thi-' too when the stale of working is unfavourably 
small. Where the area to he inigated is large and the 
supply of water abundant , there is nft comparison be- 
tween the two methods. To lift 500 c. ft. a second, to a 

f 

height of 15 ft. with cattle power is outside the region 
f practical working ; vet, it. presents no difficulty what- 
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ever to the engineer and, in a comparatively short 
time, those interested in the adoption of these new 
methods of raising water will he ahle to see an installa- 
tion of this size at work in the Kistna District. The 
largei the units with which we can work, the greater 
the economy that can he effected. The difficulty with 
motors and pumps is to get them to work cheaply 
when the volume of water available is small. 

The statistics of well irrigation in this Presidency 
show I hat flic average area under each well is only 2-k 
:Lcre>, and thui t here hire the quantity of water taken out 
probably does not amount to more than the one- 
hundredHi of a cubic loot per second, m, say, legations 
per minute during the working hours oflheday. Many 
veils are, of fours**, capable of yielding a much larger 
supply than t.hi-, hut few have a capacity sufficient to 
give fid! employment to e\en the smallest size of 
engii'i and pump which it is considered advisahle to 
iii'-tall. It must not. however, be imagined thaj 
because such do not exist they could not, be con- 
st meted if it weie advantageous to do so. Inquiries, 
supplemented in some cases by experiments, during 
the List few months have placed beyond doubt the fact 
that, wells yielding large volumes of water can he 
obtained over considerable *reas o( country. And 
perhaps what is still more important, it has been 
ascertained t.ha^ there are large supplies of water 
available in many nullahs and streams which could be 
used for* irrigation by the application of adequate 
pumping power. It would be unwise to attempi ot 
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estimate the extent to which in the future it is possi- 
ble that engines might be used for pumping, but it 
seems clear that there is room for the profitable em- 
ployment of a very large number of such installations. 


II 

In a report on water-lift* written in 1R96, I said : — 
“Steam pumping machinery is utterly beyond the 
means of the fyot, and the force of the wind i?* too 
uncertain, and in general in India it is too weak to be 
profitably utilised by windmills, even of the most 
modern type. Animals are therefore the only source 
of power available, and water-1 ifU in future mu*t con- 
tinue to be, as they always have been, worked by cattle/' 
Fn the main this is still true, hut within le-s than a 
decade the advance-, which have been made in the 
generation of power by internal combustion engine^, 
have been so extraordinarily rapid that it i.- quite 
possible now to compete with cattle whenever the work 
to be done is as much a> uouid require the services of 
three or four pairs of oxAi. tixp-essed in engineering 
terms, the work done by an average pair of cattle may 
be taken as one-fourth of a horse power, which is equi- 
valent to the lifting of '13 gallons per minuie from a 
depth of 25 feet. At this rate half-ati-acrc of land will 
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be covered to a depth of one inch in about 6 hours ; or, 
to put it in the language of the ryot, a pair of oxen 
can water half-an-acre of land a day, and the cost of 
watering will amount to Rs. 1-14-3 per acre. 

Now a Hornshy-Akroyd oil engine, developing 
h.p. and employed to drive a 3-inch centrifugal 
pump, will do as much work ns 15 pairs of cattle if it 
be run for 10 hours a day. In this time it will cover 
nearly 8 acres with water to a depth of one inch and 
a* the running expenses will he Rs. 3-8-0 the cost of 
watering each acre will be only seven annas. So that 
where there is an adequate supply of water the cost of 
pumping is only one-fourth that, entailed by doing 
the work with cattle. When the supply of water is 
insufficient to keep such an engine and pump running 
for 10 hours a day. the co-4 of working will he greater ; 
and when the pump can only run for two hours a day 
the cost of lifting water will he the same by either 
method. The average discharge of the pump maybe* 
taker as 1 1,000 gallons per hour ; so that roughly the 
minimum supply of water which should he available, if 
an engine and pump is to be installed with advantage 
is 45,000 gallons per day, or sufficient to give one 
watering to 2 acres of land. Of the more than half-a- 
rnillion wells, from which water* s drawn for irrigation 
in this Presidency, comparatively few would be able all 
the year round to yield the minimum supply required; 
but even if % the number were only one per cent, we 
could profitably employ something like 5,000 oU- 

engines and pumps. Whether on? *per cent, of the 
6 
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wells are capable of yielding the supply of water or 
not, it is impossible to say, as there are no data to go 
upon ; but it is almost certain that a very much 
larger percentage of wells than this could, at a 
comparatively small cost, be improved so as to yield a 
good deal more than the minimum quantity of water 
required. All that is necessary is to deepen them and 
to pump out the water from a lower level, so that the 
gradient of the subsoil water flowing to the well may 
be increased. 

The smallest size of centrifugal pump, which we 
can conveniently employ for irrigation work, is one 
having suction and delivery pipes of 3 inches diameter. 
Pumps of smaller size than this are made, hut owing to 
their smail diameter they have to be run at a very hi£n 
speed, and the friction of the water, hotli in the purnp 
and the piping, absorbs a very large proportion of the 
power, and their efficiency is extremely lew. In 
r general, the efficiency of centrifugal pumps increases 
with their size, up to a certain point, provided that the 
lift be not too small. 

A 3-in. pump will deliver 11,000 gallons of water 
per hour, and if the inflow to a well were equal to that 
amount, the daily yield of water should be more than a 
quarter of a million gallons, which is six ti?nes the 
minimum quantity required. An inflow of 2,000 
gallons per hour is sufficient to make* it worth while to 
install an engine and pump, but it will be necessary to 
provide sufficient storage capacity to enable the water 
to accumulate at the bottom of the well till it amounts 
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to a sufficient volume to make it worth while to run 
the engine. This is what has been done at Melrosa- 
pnravn, where, to start with, the well was 21 ft. in 
diameter find 21 ft. deep, with a central hole 15 ft. in 
diameter and 7 ft. deep, the latter capable of holding 
7,700 gallons of water. Observations showed that the 
rate of percolation into the well decreased very rapidly 
if the water rose above the rim of the central hole. To 
pump out the centra) hole took about an hour, and 
then the engine had to be stopped till it filled again. 
Both storage capacity and percolation area were 
materially increased by running adits horizontally from 
the bottom of the well. The total length* of these adits 
was 6K ft. and their average width 2 ft. and, as they 
were about 5| ft. high, they held when full, 4,575 
gallons of water. It was desirable, however, to increase 
the storage capacity considerably beyond this, and 
accordingly a new well, 30 ft. in diameter was sunk a 
<hor\ distance from the original well and the two 
connected by prolonging one of the adits. The total 
area at the lowest level from which water is drawn is 
now 1 ,044 s<p ft, and with 5ft. depth in the well, the 
storage capacity is nearly 33,000 gallons, or sufficient 
to keep the engine running jpr three hours without 
taking into account the percolation during that time. 
The advantage of this large storage capacity has been 
fully realised during the last few months when, owing 
to the l$ag drought, the rate of percolation into the 
well has fallen as low as 1,500 gallons per hour. * By 
allowing this to accumulate, it* Las been possible to 
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extract, with fair economy, every drop of water that 
could possibly be obtained and to keep the cultivation 
going on about 12 acres of land. This very small 
quantity of water, supplemented by the local rainfall* 
has proved sufficient to keep the crops in fair condition, 
though it is probable that the outturn this year will 
not be as favourable as usual. 

Where the height to which water has to be raised 
is small, engines of less than 3.V h.-p. may be employed. 
A 2 h.-p. engine will drive a 3-in. centrifugal pump on 
a 12 ft. lift, and this is about the smallest combination of 
engine and pump which can be used with profit. The 
advantages of t a large storage capacity seem to have 
been fully realised by the ryots, and many of their 
wellR have a much larger storage capacity than that' 
which has been provided at Melrosapuram. In not a 
few cases, by going deeper a much larger volume of 
underground water will become available. The depth, 
from which ryots draw water, varies considerably in 
different, parts of the country and is pro! wibly deepest, in 
Coimbatore and the Ceded Districts, where it is not 
uncommon to lift water from a depth of 40 ft. So far, 
in Madras, centrifugal pumps have not yet been 
employed on lifts exceeding 40 ft., but at the Coimba- 
tore lail an oil engine is driving a pair of plunger 
pumps which lift the water 75 ft. As experience ac- 
cumulates we shall probably find ^ it profitable to go 
deeper arid deeper and there is no reason wjiy with 
centrifugal pumps we should not he able to profitably 
lift water to a height 9f as much as 100 ft. 
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Since these irrigation experiments were started, a 
very large number of proposed sites for pumping stations 
have been investigated, and the greatest difficulty ex- 
perienced, in working out profitable schemes, has not 
been the height to which it was necessary to lift water, 
but the expensive arrangements which were found 
necessary to cope with the enormous variations in the 
water-level at different seasons of the year. Fluctua- 
tions of 40 ft. or 50 ft. are not at all uncommon where 
the water supply is derived from river beds or nullahs ; 
and even in wells the range may he not faiqshort of this. 
With centrifugal pomps the maximum length of the suc- 
tion is about 25 ft., and up to that limit the variations 
in the water level give no trouble; but beyond that point 
fyecial designs must be employed. 

Another difficulty, which we have encountered in 
our investigations, is the very gradual slope of the land 
between the place where water can be obtained and the 
nlace where it can be utilised. This entails the con-# 
struction of high earthern banks to carry water over 
the low ground, or the employment of iron pipes 
in which the water can be carried under pressure. 
Kither expedient is costly and there is no alternative 
except when large quantities of water have to be dealt 
with. Then, the difficulty m.-fy be got -over by divid- 
ing the total lift into stages and employing two or more 
sets of engines an’d pumps, one at each stage. This 
plan lias Ijeen adopted at the pumping station which is 
now un(fer construction for the experimental farm, on 
the Hagari River, in the JBellary Di.ftrict. In this case 
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a 25 horse-power engine and 10-inch pump lift the 
water from the river a vertical height of ahout 16 ft.; 
and it is then carried about a mile from the river bank, 
the channel gradually getting into a deep cutting, till, 
at a convenient point, such water as is required for the 
irrigation of the high level land it* lifted out by a 
second engine and pump. 

Ill 

Makers of centrifugal pumps invariably state their 
capacity in gallons per hour : but in dealing with 
irrigation work the units are inconvenient, and it is 
preferable to employ a unit of volume rather than one 
of weight. Engineer^ in India have adopted the cubic 
foot per second abbreviated into “ cnsec,” which is 
admirably adapted for dealing with the discharges of 
canals or channels of large systems of irrigation. In 
America, where the farmer’s influence predominates in 
irrigation works, the acre-inch or acre-foot, that is to 
*say, the quantity of water which will cover an acre of 
land to a depth of an inch or a foot, is the unit most 
commonly employed. Now, a cusec is equal to 
3,600 c. ft. per hour and an acre-inch is equal to 
3,630 c. ft., so that for practical purposes a cusec flow- 
ing for one hour is equivalent to an acre-inch. 

It has already heerf stated that for irrigation work 
it is not convenient to employ anything smaller than a 
3-inch centrifugal pump, and that such a pump is capa- 
ble of delivering half a cusec, or sufficient water to cover 
an acre to a depth of one inch, in two hoifrs. Our 
experiments have also led to the conclusion that unless 
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a well can supply sufficient water to keep the pump 
running for four hours a day, it will not he worth while 
installing an oil engine to lift the water ; that is to say, 
the minimum yield of a well must he two acre-inches 
or 7,260 c. ft. per day. 

The question, therefore, whether a well will yield 
sufficient water to make it pay to put down an engine 
and pump is not a difficult one to answer, if observa- 
tions are made on the well at the right time of the 
year, or better still if observations are made on the well 
two or three times during the year. Applications are 
very frequently made to me for the expression of an 
opinion as to the possibility of obtaining sufficient 
water from a well, and as the experimehts to obtain 
data for framing an answer are extremely easy to 
carry out, I ] propose to detail at some length what 
should he done so that any intelligent person may be 
able to obtain an answer himself. 

The rate of percolation into a well depends 
partly on the depth of water standing in the well. 
If no water is drawn from a well for several days, the 
level of watei ii. the well will lie the same as the level 
of the water in the surrounding strata, and a state of 
equilibrium will be established. Immediately water is 
removed from the well, the lewel sinks, the equilibrium 
is disturbed and water from the surrounding strata 
begins to flow into the well. Obviously, the lower the 
water level in the well is depressed, the more rapid 
will be filie inflow, and the maximum will be reached 
when the well is quite empty 
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Quite recently I was asked by the Court of Wards 
whether certain wells on the estate of a Minor would 
yield enough water to make it worth while to put 
down an engine and pump. One of my assistants was 
sent down to make a survey of the place and to carry out 
the experiments necessary to obtain some notion about 
the quantity of water which could be obtained from 
the wells. A brief account of what he did, the results 
he obtained, and the deductions which have been 
drawn from bis observations will exemplify the way in 
which we endeavour to solve such problems. 

lie found that there were two wells about 2.00 
yards apart, both approximately rectangular and suuk 
through decomposed rock. The northern well was 6,0 
feet long and 35 feet broad, with a water surface of 
2,200 sq. ft. Tt was possible to bale water out of the 
well with two mhotes, which were worked together and 
the combined capacity of which was found to be 8 c- ft. 
When baling was started the lift was 1722 ft. and the 
cattle were able to lift 224 buckets in the course of 
the first hour. A gauge, reading to feet and decimals 
of a foot, was fixed in the well and arrangements were 
made to count the number of buckets lifted each hour 
and to record the level of the water at the time. 
Baling' was carried on continuously for 4 1 hours, at the 
end of which time it was found that the cattle were 
not able to lower the water level in the well any 
further. Starting with 224 buckets per hour, with a 
lift of 17*22 ft. the number decreased to 144* 'buckets 
per hour when the water was raised 24.32 ft. The 
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results recorded have !>een plotted in diagrammatic 
form and I find that from the start, till the water level 
was lowered to 24 ft., the inflow increased proj>ortionately 
to the lowering of the water level, hut that from this 
point onwards the rate of increase was more rapid 
being from 424 c. ft. per hour with a level of 24 ft. to 
57(» e. ft. per hour when the water level was lowered an 
additional 4 inches. 

Beyond this the experiment unfortunately could 
not he carried as no further pumping power was avail- 
able. There was still 3ft. of water in the well and the 
inflow would have probably gone on increasing if this 
could have been removed. 1 have therefore expressed 
the opinion that the well will yield sufficient water 
tcf justify the establishment of an engine and pump, 
though 1 am not prepared at the present time to say 
how much water can be counted upon. That is a 
matter which only the experience of two or three years’ 
irrigation will enable us to decide. 1 have advised * 
that a i-in. pump should he fitted up and driven by 
an engine of sufficient power to lift the water from 
a depth of u.3 ft. below the present discharging 
level. This would enable the well to be deepened, if 
necessary, another 10 ft. and would undoubtedly in- 
crease the flow into the well. The pump will lift about 
3,000 c. ft. per hour and will be capable of dealing with 
the inflow to the* well under existing conditions in 
about, five hours a day. It is impossible to say how 
much larger an inflow will be obtained when the well 
is deepened, or whether it will contiDue for any length 
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of time, as after the rains are over the subsoil water- 
level gradually sinks, and in a corresponding way the 
inflow to the wells decreases. Where extensive pump- 
ing is carried on it seems obvious that these changes 
will take place more rapidly and that a very consider- 
able volume of rock may be drained of water during 
the year by a deep well. In this case, if we assume 
that the well is deepened to 36 ft. and that the 
surrounding strata contain 10 per cent, of water, the 
pump, if worked for eight hours a day. will in the 
course of 200 days, which may lie taken as the interval 
during which time the subsoil water receives no re- 
plenishment. drain an inverted cone of rock about 
2,270 ft. in diameter at the ground level. At first 
the diameter of the cone will be small and the hydrau- 
lic gradient steep, so that percolation will he rapid, 
but as the water is drawn off from the rock the base 
of the cone will extend and the rate of inflow will 
• diminish. 

The southern weil on this estate is very nearly 
square, the dimensions being 55 ft. by 32ft. and the water 
surface 2,800 sq. ft. Haling was carried on for 51 hours 
with the result that the water level was lowered and 
the lift was increased from 22*36 to 28*6 ft., when the 
water level remained* constant under a draught of 
465 c. ft. per hour. With a similar depression of the 
water level in the northern we|J the* inflow was only 
360 c. ft. per hour, so that, if anything, this iyell is like- 
ly, to yield more water than the northern well. It is 
probable, therefore,, that a 4-inch pump might also be 
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installed in this well with great advantage. After a 
time the pumping from one well will begin to affect 
the inflow to the other and the total quantity of water 
raised from the two wells will be not much more than 
that which would be obtained from either of them 
separately, assuming that the other is not worked. In 
this case I have suggested that only one engine should 
be installed, and that it should be placed in the well 
more conveniently situated for the irrigation of the 
lands belonging to the estate. If this well be deepened 
sufficiently it will almost certainly drain the other 
well. 

These two wells are of a type common enough in 
this country. If sunk to a sufficient depth they may 
safely be reckoned to yield a moderate supply of water 
for a fairly long time, in ordinary seasons the ryots 
draw from them but a small proportion of the water 
which might be obtained, but in dry seasons, like that 
we have just experienced, the whole of the water supply 
is made use of. Many of these wells are very old and 
have passed through a number of abnormally dry sea- 
sons, so that they have reached the maximum depth 
that it pays to sink them when the water has to be 
drawn from them by cattle-power. As a rule, on exami- 
nation they are generally fouiM to contain a consid- 
erable quantity of silt, and the fact that this has been 
allowed to accumulate through a number of years 
seems to indicate that the ryots find that it does not 
now pay' them so well as it formerly did to lift water 
from a great depth for well cultivation. This evidence 
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is Dot very conclusive by itself, but it is borne out by 
the fact that all over the country, wages, food and 
fodder are steadily rising in value and the cost of 
raising water is therefore increasing. The value of 
produce is also rising, but, whether at an equal rate or 
not, it is difficult to say. What seems to be more 
certain is that the soil is becoming exhausted 
and that either poorer crops are raised or more money 
has to be spent on manure. 

In the coast districts, wells are sunk through beds 
of alluvium till water-bearing sands are reached. The 
rate of percolation in such wells is usually very slow, 
on account of the compact nature of the sand, and as 
the wells have to be constructed by sinking cylinders 
of brick-work they are seldom over 20 feet in diameter. 
Consequently, they possess hut little storage capacity 
and engines and pump.- can be used only in a few of 
them. Where these water-bearing sands are within 
*a moderate distance ol the surface the best way to 
get a large supply of water from thern is to make 
an open excavation, and at the bottom of it sink a 
number of wells in a line, connecting the. wells one 
with the other by iron pipes, which can be worked 
through from wtll to well if the intervening space be 
not too great. The wetls from which Mr. Panduranga 
Moodelliar is pumping water near Cud da! ore belong to 
this type. He started with j>ne \tell, 12 feet in 
diameter, and has sunk alongside it a second well 20 ft. 
in diameter, and now he proposes to sink* a third 
well so as to obtain an increased area of percolation 
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and a large storage capacity for water. His wells are 
already 36 feet deep and farther progress is barred by 
’the fact that they now reRt ou a bed of clay. Under 
this bed of clay, which has been proved to have a 
thickness of more than 50 feet it is not at all impro- 
bable that water-bearing sands or gravels may be met 
•with, and it is quite possible that by sinking the bore- 
hole to a sufficient depth we might obtain an artesian 
or sub-artesian supply of considerable volume.* 

In old river beds the sand is often much coarser 
and yields water \cry freely. In such places there is 
but little difficulty in getting sufficient water for pumps 
of even considerable size. The chief difficulty lies in 
constructing the wells, which require to be of large 
dimensions so as to give a sufficient area for perco- 
lation. If the wells are small the water level will have 
to he lowered to produce sufficient How to feed the 
pump and the incoming water brings sand with it and 
s| <*edily fills up the well. A pumping station at a 
well of this type has recently started work near Villu- 
puram and a second one will shortly he installed at 
Pandur, near Trivalur. 

Wells which derive their water supply from fissures 
or springs are extremely numerous in certain parts of the 
Presidency. Many of them are of ^reat depth and storage 
capacity, but the quantity of water they yield depends 
entirely upon the iiature of the water-bearing fissures 
which are piet with. The volume of water, which a 
well will yield, can be measured in the way already 
• Vide “ Irrigation by Artesiaji Wells,” 
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described ; but beyond the actual figures obtained 
nothing of any value can be deduced. As a geueral 
rule, deepening the well will open new fissures and 
bring in a larger supply of water, but this is not 
necessarily always the case, and information obtained 
from borings furnishes no indication as to what will 
happen. In some cases holes have been u jumped ” at 
the bottom of these wells with long iron jumpers, and 
fairly big charges of dynamite have been exploded in 
them with extremely satisfactory results. New fissures 
have been opened and an increased water-supply 
obtained. As yet we know very little about sub- 
terranean wvter in this Presidency. In course of time 
the records from pumping stations will add very largely 
to our information ; hilt in order that we may fully 
avail ourselves of the water-supply which can he got 
at a reasonable depth, boring must- be carried out on 
a very extensive scale. 

IV 

The experiments in irrigation hy pumping, now 
going on in various parts of this Presidency, are an 
attempt to introduce into the country new methods of 
working which have been rendered possible hy the 
enormous advances whifjb have been made during recent 
years in the methods of producing power. The applica- 
tion of the steam-engine to pumping jvater for irrigation 
or drainage is no new thing. Tn some instances it has 
been done on a large scale. Along the Nilef,«in Egypt, 
add in the Western and Southern Coast States of America 
steam-engines and pumps have been largely used for 
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irrigation work ; whilst in the Fen Districts of England, 
in the marshes of Italy, and the low lying tracts of 
Holland, they have remedied the natural defects of the 
drainage, and vast quantities of water have been raised 
at a comparatively small cost. In Indiathe steam-engine 
and pump have been occasionally used both for irri- 
gation and drainage, hut, as a rule, the work never 
proceeded beyond the experimental stage, as the scale 
on which operations were conducted was too small to 
make it pay. 

Fully live and twenty years ago the Otto gas- 
engine proved a practical rival to the steam-engine 
when small amounts of power were required. But 
such engines could only be used where a supply of gas 
was available. The obvious field open to an engine of 
the internal combustion type which would be inde- 
pendent of a town gas supply, led to the production of 
the earlier types of oil-engine. ( >ne by one the practi- 
cal difficulties, connected with their working were* 
overcome, and for some years past it has beeu possible 
to obtain motors, suitable lor agricultural work, which 
could he placed in the hands of people possessing 
very little mechanical skill. 

Compared with the steam-engine the oil-engine 
is extremely economical. J A small oil-engine 
uses no more fuel per brake horse-power devel- 
oped than the largest and most economical type of 
steam-engine. The steam-engine will develop power 
on a large scale very economically in places where coal 
is cheap, but in small engines, # eten where fuel is 
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cheap, the efficiency of the process by which the heat 
of combustion of the fuel is converted into work is so 
very low that the cost of power generated in them is 
extremely high. In large engines, a brake horse-power 
can be developed by burning from 1 to 1] lbs. of good 
coal in the boilers, but in small portahle engines, such 
as are frequently used by conti actors for driving 
centrifugal pumps, the quantity of fuel required per 
brake horse-] jower varies from (i to 10 lbs. On the 
other hand, small oil-engines can he run with an 
average expenditure of 1 pint, of kerosine oil or liquid 
fuel per horse-power hour developed. So long as kerosine 
oil and liquid fuel were expensive, the advantages of 
the oil-engine were not apparent ; hut at the present 
time kerosine oil can be purchased at from -l to 8 annas 
a gallon and liquid fuel is available in Madras* for 2 
annas a gallon, or Rs. 30 a ton. 

In the beginning the gas-engine was only suited 
•!or small powers and was worked with comparatively 
rich gas. The discovery that an extremely poor gas, 
which could be manufactured in enormous quantities 
at a very low rate, could be utilised with advantage in 
the gas-engine led to the production of engines of 
large power ; and now at the present, day engines up 
to 5,000 horse-]>ower are being worked with producer 
gas or the waste gases from blast furnaces. Still more 
recently it has been discovered that tfie gas-engine can 
be combined with a small gas producer, in ,’vbich the 
ga$ is manufactured according to thg demand of the 
* The puce is uoV /y». 2-iJ per gallon or lta. 41-4 per ton. 
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engine. These plants, which work on the suction principle, 
have, within the last two or three years, proved an un- 
qualified success and for all but the smallest powers are 
likely in the future to be more than rivals of the oil- 
engine. Unfortunately they require either anthracite 
coal, coke or charcoal, and the ordinary bituminous coal 
which is available almost everywhere is not suitahle. 

The items which go to make up the cost of run- 
ning a pumping plant are — 

(1) Fuel. 

(2) Stores. 

(3) Inlere.4 and depreciation. 

(4) Repairs. 

(5) Superintendence. 

’ The relative importance of these varies greatly, 
depending upon the type of motor employed and the 
local conditions as regards supply of fuel and cost of 
labour. The reason why irrigation by pumping wiLh 
the oil-engiue is proving successful is due to the fact* 
that not only is the cost of fuel low, but the running of 
the engine con he entrusted to intelligent coolies who 
have recehed a little special training. As the demand 
for oil-engine drivers is steadily growing we have 
established a training class for them in the School of 
Arts, and the idea is to supply a course of training 
lasting for six months, the pupils being sent up to 
learn the work from the villages in which they will 
subsequently drive engines. If a fitter is employed 
to drive an engine he usually requires from Rs. 15 to 
Rs. 20 a month pay; but if a local man receives 
6 
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sufficient training to run the engine and knows how to 
keep it clean and in good working order, he will do 
just as well and will be content with, and in fact will 
consider himself well off, on Its. 7 or Ks. 8 a month. 
At the present time* there are about 200 engines of 
different kinds at work in this Presidency, and the 
majority of these are, so far as my information goes, 
in the hands of people who are paid but little more 
than ordinary coolie wages. 

The convenience of oil-engines as a source of 
power has made them extremely popular all over 
the world, and there are a large number of manufact- 
urers who make a speciality of these motors. When 
kerosine oil is used as fuel there is but little to choose 
between them, the better engines being the move 
highly priced ; but kerosine oil isexpensi\e when com- 
pared with the liquid fuel which is available in Madras 
and which- is equally suitable for generating power, if 
the engines are specially adapted for it. Till some time 
last year there were only two types of engines on the 
market which would work satisfactorily with liquid 
fuel ; viz., the Diesel Engine and the Hornsby- Akroyd. 
The former is undoubtedly the best and most economic- 
al oil-engine which has been produced, but its initial 
co t is very high and K would certainly not be safe to 
trust it in the hands of the class of people we are em- 
ploying as oil-engine drivers. Jloredver, from a purely 
commercial point of view the economy in fuel consump- 

i # November 1905. Six years later the number of oil-engines 
in the Madras Prcsidfncy is estimated to be about one thousand, 
of which probably f>00 arc driving pumps. 
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tion is more than counterbalanced by the extra cost of 
the labour to look after it and by the increased interest 
charges entailed by its high price; so that for engines 
of below 40 or 50 horse-power its use is only to be 
recommended where skilled mechanics must be employed 
irrespective of the type of engine in use. In the School 
of Arts we have an 8-horse-power Diesel Engine at 
work which runs very satisfactorily when it is in good 
working order ; but in so small an engine the mecha- 
nism of the valves is rather delicate and they are a 
source of considerable trouble. 

The Horn shy- Akroyd engine works on a totally 
different principle and engines of as smaji as 2 horse- 
power cau be obtained which work very well. Last 
year the master patent on the engine expired, with the 
result that the principle of working has now been 
adopted by many makers of oil-engines ; and it is no 
longer true, as it was last year, that the Hornsby 
engine is the only one on the market which will wort* 
witii liquid fuel. When it was selected as the type of 
engine to be employed in these irrigation experiments, 
it wa> the only one available, and though now there are 
others, it still stands first in the estimation of those 
who have most to do wiLh them. In 1904, Mr. Dugald 
Clerk, probably the greatest li^ng authority on oil and 
gas-engines, delivered the James Forest lecture to the 
institution of Civtl Engineers, his subject being ‘‘Inter- 
nal Combustion Motors.’’ Tn the notes appended to his 
address lie remarks as follows regarding the Hornsby 
heavy oil-engine ; — 
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“ This engine is the most extensively used of all 
the 4 heavy ’ oil-engines of the world, Messrs. Hornsby 
having built many thousands of them in England. The 
success of this engine shows very clearly that it is often 
better to be content with a lower heat efficiency in 
order to obtain a practical engine free from delicacy of 
construction and easily kept running under the most 
adverse conditions. r ' 

With the new cheap fuel engines of other makers 
I have no practical experience. Some of them may be 
as good, but it is certain that none of them are better 
than the Hornsby engine, which for the present has 
been selected as the standard engine to be used in all 
irrigation pumping installations, the funds for which 
are provided by Government either directly, or through 
the operation of the Agricultural Loans Act. Not only 
is there nothing to be gained by introducing a multiplic- 
ity of types, but very considerable advantages accrue 
c 2rom the fact that the whole supply is in the hands of 
one firm. It becomes an important part of their 
business and it is well worth their while to devote their 
attention to it, to stock parts which occasionally 
require renewing and to attend to repairs and break- 
downs with the least possible amount of delay. Later 
on, when pumping engines are in common use all over 
the Presidency, there will be plenty of room for 
several types of engine, but at present this is not the 
case and rapid development is only to be locked for by 
concentration of effort along one line. It must not be 
imagined for a single instant that the best results can 
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be got from an oil-engine by a driver who understands 
no more than the purely mechanical details of working 
it. A good deal of skill, knowledge and experience 
are required to set up these oil-engines and to adjust 
them to their work ; but when once adjusted they 
ought to remain in good running order for a long time. 
The idea underlying our system of working is that 
when an engine, ceases to work satisfactorily it should 
be overhauled by a thoroughly skilled and competent 
mechanic. Our experience during the last two or 
three years tends to the conclusion that pumping 
work is exceedingly hard upon an oil-engine, and that 
unless it is in perfect working order the results are 
unsatisfactory. 

• V 

The main reasons which led us to select the Hornsby* 
Akroyd engine for pumping water for irrigation were 

(1) the simplicity of the working parts of the engine; 

(2) the fact that liquid fuel could be used in place* 
of the more expensive kerosine oil ; and (3) the 
general excellence of the design, workmanship and 
materials of its construction. As in most other oil 
and gas-engines, the working cycle is effected in two 
revolutions. At the commencement of the cycle the 
piston is at the back end of the cylinder, the air valve 
is open and as the piston moves forward, the cylinder 
is filled with fresh air. At the same time the oil 
pump injects a jet of fuel into the hot vaporiser 
behind fhe piston, where it is converted into vapour. 
During the return stroke of tJiS piston the air is 
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compressed in the cylinder and driven through the* 
contracted opening between the cylinder and the vapor- 
iser into the vaporiser itsejf, where it mixes with the 
oil vapour. The capacity of the vaporiser is so adjusted 
that when the piston has completed the return stroke, 
the pressure and temperature or the mixture of oil 
vapour and air are such that an explosion take* place 
and the piston moves forward, making the working 
stroke of the engine. .Just before the completion of 
this stroke the exhaust valve opens and the burnt gases 
pass into the exhaust. During the second return' 
stroke, the piston drives out of the cylinder all the 
burnt gases, and the exhaust Aalve closes as the air 
valve opens (or the next cycle. It will thus be seen 
that energy is generated in the engine and work done 
on the piston during only one stroke out of four. 
During two strokes the piston is running almost free, 
and during the fourth stroke it is working against a 
^gradually increasing back pressure. It is nlnious, 
therefore, that a fairly heavy Hy wheel is necessary for 
steady running. 

To start the engine, a lam}) is u^ed to heat the 
vaporiser to a temperature just below red-heat. This 
takes from f> to 10 minutes, depending on the size of 
the engine. After th&t the heat generated by the 
successive explosions in the cylinder maintains the 
vaporiser at a sufficiently high temperature. The 
working parts of the cylinder, and the necl^ connect- 
ing the vaporiser with the cylinder, are kept cool by 
means of a water jacket, through which water is con- 
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stantly circulating. The hotter the cylinder the greater 
is the thermal efficiency, but the smaller is its capa- 
city for doing work, as when the cylinder is very hot 
a less weight of air is drawn into the cylinder and 
therefore a less weight of explosive mixture is formed. 
Provided the vaporiser is kept hot enough to produce a 
well-timed explosion, the cooler the cylinder the 
greater the amount of power which can be generated 
by an engine ; and in this country, where it is difficult 
to obtain cold circulating water, it is desirable to have 
sufficient water passing through the jackets so that the 
temperature is not raised beyond what is bearable to 
the hand. With pumping installations it is easy to 
obtain a sufficient supply of water, and instead of em- 
ploying cooling tanks, as is tbe common arrangement 
when oil-engines are used in Workshops and Factories 
we generally employ either a small auxiliary pumps to 
force water through the jackets, or, where the irriga- 
tion water i* raised above the level of the enginf^ 
cylinder, a branch pipe takes off from a small tank 
which is kept full by the main pump. A cock or valve 
on this pipe enables the flow of water through the 
jackets to be adjusted so as to obtain a satisfactory result 
The liquid fuel we are using in these engines is 
obtained from Messrs. Pest artd Co., the local Agents 
of the Asiatic Petroleum Company. It comes from 
Borneo, and is siifiilar in character to what is known as 
astatki on the Russian oil-fields. It is the residue 
which left after the lighter oils have been removed 
by distillation. Usually it contain* a small percentage 
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of water, which gradually settles at the bottom of the 
storage tank, and it requires to be carefully filtered 
before running it into the engine tank. If that is not 
done, the very fine passage through which the oil is 
squirted into the cylinder invariably chokes with dirt 
of some kind. This liquid fuel is of high specific 
gravity and generally ranges between 0*95 and 0*97. 
A sample, which was analysed, proved to have a speci- 
fic gravity of 0 967, the flashing point was 206 rt F., 
and the heating value was 19,050 British thermal 
units, which is from 5 to 10 per cent, less than that of 
ordinary kerosine oil. 

Our experience with the working of these engines 
extends altogether over a period of about five years, 
and we find that they are subject to very little depre- 
ciation on account of wear and tear. Certain parts 
require from time to time to be renewed, and if this be 
done the engine remains practically unaffected by use 
^ind is as good after five year’s work as when it was first 
put in. If the engines are properly looked after, 
repairs and renewals cost very little ; hut even when 
they are badly treated the amount of harm done is 
surprisingly small. The vaporiser, which is a separate 
casting bolted on to the back of the cylinder, lasts, 
when the engine is ndo overloaded, from one to two 
years, and then requires to be renewed. In the brasses 
of the connecting rod there is a«certaih amount of wear, 
and they also from time to time require renewal. But 
when the engines are kept properly cleaned thita should 
be at fairly long intervals. The pump spindle is also 
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subject to wear, especially when the glands are too 
tightly packed, which will be found to be frequently 
the case with native drivers : hut this is a very small 
matter. At very long intervals it is probable that the 
cylinder liner will require renewal, and more frequently 
it will b^ necessary to insert new piston rings. None 
of these items are very costly ; and it may be safely 
said that if an engine is kept in good running order, 
and renewals made from time to time as they are 
required, its life will be indefinitely prolonged, and it 
is hardly necessary to set aside anything for deprecia- 
tion. When liquid fuel is used in the engine, a deposit 
of carbon forms in the vaporiser, which it is necessary 
to remove after about 1 2 hours running. To enable 
£his to be done the hack of the vaporiser can be taken 
off, by unscrewing two nuts, and the interior exposed 
to view. When the engine is properly adjusted to the 
work w'hich it has to do, and the temperature of the 
vaporiser is not too high, this deposit of carbon is sof^ 
and friable and very easily removed ; but if the engine 
is allowed to work with a red-hot vaporiser, the carbon 
deposit is extremely hard and somewhat difficult to 
detach from the ribs of the vaporiser. 

It is extremely important that there should be no 
air in the pipe between the pbmp and the spraying 
nozzle, as this causes a practically continuous stream 
of oil to dribble fnto the vaporiser, when there ought 
to be only a short sharp jet lasting for a small traction 
of a second, and quite complete before the compression 
stroke begins. This is a very common defect in the 
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working of these engines and one which gives rise to a 
great deal of trouble, although it is easily remedied. 

In the earlier patterns of engines the clearance 
space, when the piston is on its back centre, can be 
varied by altering the effective length of the connect- 
ing rod. But in the later patterns of engine the con- 
necting rod is of fixed length, and a special adjustable 
cover is provided, whereby the volume of the clearance 
can he varied. The larger the clearance space, the 
lower is the compression pressure and the higher the 
temperature necessary to obtain a satisfactory explo- 
sion. In practice, we find that with liquid fuel the 
compression pressure should amount to from ,*>() to 
00 lbs. per square inch to obtain satisfactory results. 
"When this pressure is not reached, a larger quantity oY 
fuel has to be injected into the engine and the 
temperature of the vaporiser becomes very high. Often, 
wdien the engine is called upon to dexelop its maximum 
forking horse-power, flic vaporiser gets so hot that the 
explosions take place before the end of the stroke and 
a very inconvenient back pressure is set up which 
seriously diminishes the power of the engine and 
causes it to lose speed. 

For the pumping installations which we first put 
down, it was considered •desirable to keep the capital 
outlay as small ns possible, ami accordingly, engines 
were provided which, to do the«work inquired of them, 
necessitated the generation of their maximujn horse- 
power throughout the greater part of their running time. 
Experience has shown that this is not altogether 
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satisfactory and it is desirable to allow a fair margin, 
as in pumping water the load never varies except that, 
when emptying a well, it gradually increases from 
start to finish. 

The amount of power which can be generated by an 
oil-engine of a given size is affected very considerably 
by the height above sea-level of the place in which it is 
worked, and oil-engines require careful adjustment for 
the elevation, if the level be more than 2,000 or 3,000 
feet above the sea. In the high ranges of the hills in 
Southern India, where oil-engines are used for driving 
tea factories and coffee pulping machinery, the loss of 
pow er due to the rarity of the atmosphere must amount 
to as much as 20 per cent, even when they are properly 
adjusted and a sufficient terminal pressure is reached at 
the end of the compression stroke. When this is not 
attained they can never work satisfactorily and the fuel 
consumption must always he extremely high. In 
practical working it is doubtful if the Hornsby engine 
is quite as economical in fuel consumption as some 
other types of engine, as the simplicity of the method 
of ignition is to some extent purchased by sacrificing 
thermal efficiency. A high compression is conducive 
to efficieney, but if it exceeds a certain amount in the 
Hornsby engine, then pre-ignifion takes place with bad 
result. 

The practical management of these engines is 
extremely simple, and can be entrusted to intelligent 

coolies who have received a short course of instruction. 

» 

Where the load on the engine varies considerably, it is 
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desirable to vary the stroke of the pump so as to adjust 
the fuel supply to obtain as nearly as possible an ex- 
plosion at every stroke. When the engine is working 
satisfactorily the governor sleeve should be just floating 
and occasionally the oil supply should he cut oft'. The 
lubrication of the engine is a very important matter 
and a serious item in the total cost of running it. 
The lubricators should always be kept in good working 
order and the best oil that is procurable at a reasonable 
price should be employed. Nothing better than a good 
mineral oil can he used, but they are comparatively 
expensive, and an engine can be run fairly well with 
castor oil for the main bearings and a mixture of 
eocoanut andf kerosine for lubricating the cylinder. 

VI 

The rivalry between the makers of oil and gas- 
engines as sources of motive power is keener now than 
at any previous time and except for very small instal- 
lations it is difficult to say which is best adapted for 
pumping water for irrigation. For installations re- 
quiring less than 10 h.-p. it will, I think, be generally 
accepted that a cheap fuel engine of the Hornsby type 
cannot be surpassed, wherever liquid fuel can be ob- 
tained at a rate not much in excess of Rs. 45 a ton. 
In the south of India tlfe great majority of our pump- 
ing stations will be under 10 h,-p. and with liquid 
fuel available in Madras at 2 aAnas a* gallon, or Rs. 30 
a ton, there are not many places where it «will cost 
mope than Rs. 15a ton for carriage from Madras. 
When more than l«0 t h.-p. is required, the gas-engine 
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n conjunction with a suction gas producer using char- 
coal as fuel is likely in some instances to prove a more 
satisfactory method of obtaining power. 

Many years ago, in the early days of the gas- 
engine, their use was greatly extended by Mr. Emerson 
Iiowson, who invented a method of manufacturing gas 
suitable for generating power which was very much 
cheaper in working than the ordinary coal gas manu- 
factured in towns for illuminating purposes. In his 
producer a jet of steam under pressure was introduced 
beneath the fire bars of a closed furnace, and was 
arranged so as to serve as an air injector. The 
mixed air and steam in fairly definite proportions 
passed between the fire bars and through a mass of 
incandescent fuel, resulting in the production of large 
volumesof gas consisting mainly of a mixture of nitrogen 
carbon -monoxide and hydrogen. Valueless as an illu- 
minating gas, it was admirably adapted for gas-engines 
and the very economical results obtained with it gavt* 
a great impulse to their development, and to-day it is 
employed in a very large number of plants. The 
system is simple, but requires a boiler in which steam 
under a pressure of from 30 to 50 lbs. per square inch 
is maintained and a gas holder in which the gas is 
stored till required. Obviously, therefore, it requires 
a certain amount of skilled supervision and is not 
adapted for wording on a small scale. The fuel used 
must be anthracite of a good quality, aud this further 
limits tfie field in which it can be usefully applied. 
These disadvantages have beeq fully recognised by 
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gas-engine makers, and in their efforts to meet the 
ever increasing competition of oil-engines they have 
succeeded in making enormous improvement in the 
methods of manufacturing gas, and have finally suc- 
ceeded in producing plants which in conjunction with 
gas-engines are likely to obtain a final victory. 

The suction gas producer plants now on the mar- 
ket require no boilers, no gas holders, and can be worked 
without skilled labour. From an Indian point of view 
they possess tbe further advantage that they can easily be 
manufactured in the country by existing engineering 
firms, and they can be worked with charcoal, of which 
large quantities could be readily furnished by the Forest 
Department if there was a steady demand for the >ame. 
Apart from the possibility of obtaining cheap supplies 
of liquid fuel from Burma, we are at present entirely 
dependent upon foreign sources for our oil-engine fuel, 
and, though it may be a minor matter, yet it is notone 
4*0 be altogether disregaided, that the suction gas pro- 
ducer solves the problem of obtaining a cheap supply 
of power without having to go outside the country fur 
the fu«l used.* 

Of suction gas producers the number already on 
the market is very large ; but, like bicycles, there is 
not much difference befween the productions of the 
various makers, and most of them may be reckoned 

* Suction gas producers are now made which can be worked 
will) wood. With a mechanical arrangement for separating the tar 
from the gas before it enters the engine they are eminently satis- 
factory and where wood is cheap they are \ r ory economical. The 
smallest size ordinarily made is suited for an engine of about 35 
horse-power. * 
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upon io do satisfactory work. Essentially they consist 
of a vessel containing water which is kept boiling after 
the apparatus is once started by the hot gases coming 
from the furnace. The air, which is drawn in, passes 
over this water and thence into the closed ash pit of 
the combustion chamber. Passing through the mass 
of incandescent fuel the water vapour is decomposed 
and hydrogen set free. The oxygen of the air and the 
oxygen from the wafer combine with the carbon of 
the fuel and produce carbon-dioxide and carbon-noon- 
oxide. The former is valueless, but the latter is the 
principal source of energy in the resultant mixture of 
gases. Prom the combustion chamber the hot gases 
are drawn round the boiler already merftioned into a 
<*oke scrubber, where the dust and solid practices are 
removed by the action of water continuously trickling 
over Hie coke. A tar separator follows and then the gases 
pass to a small reservoir, generally known as the anti- 
Muctuator, and thence to the gas-engine. To startj^ 
the manufacture of gas, a small hand fan is provided to 
drive the air through the apparatus ; and the products 
of combustion are allowed to escape past a valve into 
the chimney, till the apparatus is beginning to yield 
gas of sufficiently good quality to drive the engine. 
The hand fan is then stopped, the valve to the chimney 
clo&ed and the engine started. Thenceforth, air is drawn 
through the producer by the suction action of the piston 
of the gas-engine, and the quantity of gas generated 
is exactly that required to meet the demands of the 
engine. Pumping water is almost an ideal load, is it 
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remains either constant or is a steadily increasing one. 
In the producer apparatus, when at work, the pressure 
is always less than atmospheric ; there is therefore no 
danger of escaping gases, and the steam generator 
being at the same pressure is in noway a source of 
danger if neglected. 

The usual fuel is anthracite, but where this cannot 
be obtained at any reasonable price, good hard coke 
or charcoal may be employed. The gas producer 
must be looked upon as part of the power-generating 
plant, and for any given size of engine the producer 
must be of corresponding capacity. It is possible 
to obtain these suction gas plants of very small size, 
but they are much more costly than oil-engines of 
corresponding power, and it is doubtful if they are so 
economical. The lowest limit, of size seems to be about 
10 horse-power, and the largest at present in use 
are capable of generating about 300 horse-power. With 
.anthracite coal, the consumption of fuel per brake horse- 
power is extremely small, and in practical working 
medium sized plants may be safely reckoned upon to 
yield one brake horse-power hour p**r pound of anthracite, 
or per pound and a quarter of coke, Properly carbon- 
ised charcoal will give about the same results as good 
coke, and it will be a s&e estimate to assume the one 
ton of good charcoal will give 1,500 b. h.-p. hours. 
The cost of charcoal in India Varies r a good deal. In 
Madras at the present time it is about Ita 25 a ton, 
but in large quantities it will probably be possible to 
secure e. supply foe Es. 20 a ton. 
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Some years ago there was a discussion as to the 
possibility of manufacturing iron in the Salem 
District from charcoal, and Mr. C. W. Brasier, who was 
then Forest Officer in that District, estimated that 
charcoal could be manufactured on a fairly large 
scale and delivered at a distance of ten miles for 
Rs. 8-8 a ton. This was probably a sanguine estimate, 
but there is very little doubt that in most parts of the 
Madras Presidency it would be possible to obtain 
charcoal at Rs. 15 a ton, if there was a steady demand 
for it. This means, that for one rupee we can obtain 
100 brake horse-power hours. Using liquid fuel in an 
engine of about the same capacity, we ^jould hardly 
^xpect to work with less consumption per brake horse- 
power hour than four-fifths of a pint. This would 
mean that 100 brake horse-power hours would require 
80 pints or iO gallons of liquid fuel, which in Madra.* 
would cost Rs. 1-1-0 and in most places Rs. 2. 
Roughly, therefore, we may say that under favourably 
condition? the fuel charges for a suction gas producer 
plant are about one-half those of a Hornsby oil-engine. 
The other items which go to make up the sum total of 
the working expenses are not very different in either 
case, though the capital outlay for a suctiou gas pro- 
ducer plant and gas-engine is aSout 20 percent, greater. 

It will thus Jje seen that the popularity of the 
suction gas producer rests upon a thoroughly sound 
basis, an^tal though as yet but few of them have reached 
India, any one requiring power, whether in small, or 
large qaantities, would be very ill-Sdvised not to eon- 

7 
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sider the claims of this comparatively new method of 
obtaining gas suitable for motive purposes. Within 
the last few weeks a plant of this description has been 
installed in the Mount Hoad to drive a dynamo for 
electric lighting work. Since it was started I have 
had it under careful observation, and I have come to 
the conclusion that it can be run as easily as an oil- 
engine at a slightly smaller cost. 

As a typical instance where a suction gas producer 
plant can be installed with advantage I may cite a 
case which was recently under investigation. At the 
foot of the hills in the Godavery District a natural lake 
of considerable extent has been formed by the gradual 
closing up of the mouth of a lateral valley by ^ilt 
de]>osited during floods in the river. It is estimated 
that this lake is capable of supplying sufficient water 
for .000 acres of land, and I ha\e recommended the 
installation of engines and pumps to lift the water out 
rnf the lake to a height sufficient to command the land. 
Three sources of motive power were practicable, (1) 
Diesel engines, (2) Hornsby oil-engines, and (3) gas- 
engines. The third was linally selected, because, it 
involved “the owner of the land in the smallest annual 
outlay Within a short distance from the pumping 
station are situated considerable tracts of forest land 
which belong to him and from which he can obtain 
supplies of charcoal at a very *low ebst. By working 
his forest systematically he can obtain enough charcoal 
frqm an acre of land to supply, power sufficient for an 
acre irrigation. This is a very satisfactory result, as 
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there is scarcely any doubt that the forest land will 
greatly improve by systematic felling. The suction gas 
producer is comparatively new to India, but there is 
scarcely any doubt that it has a great future in front 
of it. 

VII. 

In conclusion, it is necessary to discuss briefly the 
methods by which the power generated is actually 
applied to lifting water. This part of the business is 
open to treatment in great detail. But the discussion 
is mainly one for technical papers and is not susceptible 
of popular treatment. The simplest and cheapest 
method of lifting water is by means of the centrifugal 
ppmp. But, unfortunately, the centrifugal pump as 
ordinarily installed is by no means an efficient machine. 
The by* of power ranges from GO per cent, in pumps 
with a 3-in. suction pipe to 45 per cent, in pumps with a 
auction pipe 10 or 112 inches in diameter. More favoura- 
ble results than this are frequently claimed by makers 1 
of centrifugal pumps, but it is doubtful if in ordinary 
practical working they are ever realised.* A centrifugal 
pump with a 2-in. suction pipe would be a most con- 
venient Jze to employ on a very large number of wells 
in this country. But the effic^ncy is extremely low, 
and on a lift of 30 ft. probably three-fourths of the 
power put into thg pump would be wasted. The cen- 
trifugal pump as an irrigation machine 1ms never been 

* TherG has been mutKeti improvement in tlie efficienej of 
centrifugal pumps since the above was written pumps can and rfbvr 
he obtained with efficiencies ranging from tfver GO to lb per cent. 
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studied with sufficient care, but it is likely that this 
omission will be remedied in the immediate future as 
both in California and India the matter has been taken 
up and a great deal of preliminary work done. 

Of the loss of energy which occurs in centrifugal 
pumps when they are worked, part is lost in the pump 
chamber itself, and part in the suction and delivery 
pipes ; and the proportion that the latter bears to the 
former is often a considerable one. Where the level of 
the water which has to be lifted fluctuates a great deal, 
the ordinary centrifugal pump can only deal with it 
when the range of level is not greater than the suction 
height of the pump, In ordinary practice this is 
limited to 20 ft., but if the foot valve is carefully 
designed so as to present but little obstruction to the 
flow of water and if the suction pipe is of sufficient 
diameter to carry the water at a moderate velocity, it 
is possible to work with the suction length as great as 
^28 ft. For instance, the ordinary 3-in. pump has a 
3-in. suction pij>e, and the pump should be placed not 
more than 22 ft. above the minimum water level. lint 
if a 4-in. pipe be employed with the same pump, the 
auction height can be increased to as much as 28 ft. 
and the loss of energy in working the pump correspond- 
ingly decreased. In many wells in the south of India 
the level of water fluctuates a great deal more than 
this and may amount to as much as 40 or 50 ft. In 
such cases it is most convenient to use a centrifugal 
pump with a horizontal propeller supplied with power 
through a verift^l shaft. Such pumps may be 
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employed with a suction pipe from 25 to 28ft. long 
and can therefore be easily fixed when the water is 
moderately low and they will work perfectly satis- 
factorily when submerged. The engine is placed near 
the mouth of the well and the vertical shaft in the 
pump carries a pulley fixed in position so that it can 
be driven by the engine through a quarter twist belt. 
This arrangement is somewhat expensive on account of 
the necessity of keeping the shaft in perfect alignment ; 
but it is very simple and the cheapest way of dealing 
with large quantities of water. In America, where 
water is often raised from great depths, the vertical 
shaft and the horizontal pump are very # commonly 
employed with the best possible results, and in not a 
few cases the shaft is driven by an electric motor either 
mounted direct on the upper end of the shaft or at 
<ome little distance off and driven through a quarter 
twist belt. 

Where the quantity of water to be lifted is not 
very large, bucket pumps might be employed with 
great advantage. In this matter also we must look to 
America mainly for examples to copy. English 
practice in the matter of pumps is exceedingly good 
and substantial, but it is generally too expensive. 
What is wanted in this country is for the local engineers 
to manufacture a class of pumping machinery which 
avoids the flimsiness so frequently apparent in American 
designs without running to the other extreme, as is the 
case wiil English makers. It is inevitable with 
pumps of this type that they should*be expensive and 
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heavy when compared with centrifugal pumps ; but, on 
the other hand, this disadvantage is to a large extent 
compensated for by their superior efficiency, as it is* 
not difficult with a lift of 40 ft. or more to obtain a 
return in the water lifted of 80 per cent, of the energy 
put into them. That such pumps have not been 
used hitherto is mainly due to the fact that they 
require a good deal more skill in the design and erec- 
tion of them. Hut now that the matter has been taken 
up by Government, it is reasonable to hope that this 
difficulty will disappear. In selecting a pump for 
irrigation work, the question of efficiency is of extreme 
importance. It is often better to pay two or three 
times as much for a more efficient pump, as it means 
that a smaller engine can be used to drive it and the 
saving in cost of the engine may be sufficient to pay 
for the extra cost of the pump. The final result is that 
the working expenses are diminished by the smaller 
amount of power which has to be generated to drive 
the more efficient pump. 

The majority of wells in this country do not yield 
a sufficient supply of water to make it worth while 
employing engines and pumps ; and, as in most places 
where well irrigation is extensively carried on, there 
are numerous wells in close proximity to one another ; 
it has been frequently suggested that it would be pro- 
fitable to employ a portable engine and pump, which 
might make a daily round, lifting out the jrater from 
a,number of wells. This is by no means impossible ; 
but the plant wiH £e costly and will require skilled 
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men to supervise it, so that it is hardly likely that it 
could be done with any profit. 

A more practicable plan, but one which has not 
yet been tried in this country, will he to put down a 
central power station and distribute energy to a con- 
siderable number of wells> in the neighbourhood. There 
are at least three ways in which this could be done. 

(1) On the oil fields in America it is a common 
practice to work a number of deep well pumps by wire 
ropes attached to a large eccentric driven by an oil or 
steam-engine. On the Kern Valley Oil Field in 
Southern California I saw in some instances the pumps 
of more lhan a dozen wells being drjven by one 
centrally situated engine, which, through a pair of 
bevel wheels, drove a vertical shaft carrying two eccen- 
trics, to the sheaves of which wire ropes radiating in 
all directions were attached. The shaft made about 
15 revolutions a minute, and the eccentric throw being 
about 12 inches gave the pump a stroke of 2 ft. Thfr* 
wires were suspended in clings attached to cross arms 
on wooden poles and the pumps could be worked 
satisfactorily up to a distance of half a mile from the 
engine. It will not be difficult to adapt this system to 
well irrigation in India, and^ there are hundreds of 
places where clusters of w'ells could easily be found and 
from which sufficient water could be obtained to give 
employment to engines of considerable power. 

(2) *Electric motors and pumps might be installed 
in each well and the energy supplied to them from a 
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eentral power station* This system is hardly applic- 
able on a small scale but could be used with great ad- 
vantage where there are a large number of wells. 

(3) At a central power station the engines might 
be used to drive air compressors and the power distri- 
buted through pipes to wells, in each of which would be 
installed a Pohle air-lift. This system is better adapted 
to tube wells which are carried to a great depth. But it 
is also possible to adapt it to wells sunk in beds of sand 
where the fluctuations in the water level at different 
seasons of the year are not very great. The air-lift is 
extremely simple, and if properly designed, is fairly 
efficient. It^has been extensively used both in Europe 
and America ; and under certain conditions it might 
be advantageously employed in irrigation work. 

• A Miheme working on these lines has been started by the 
Theosophical 8oeiety in the Adyar to the South of Madras. 
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IRRIGATION FROM ARTESIAN WELLS. 

In the third section of the article on “ Irrigation 
with oil-engines” I wrote :* — ‘‘ The wells from which Mr. 
Panduranga Moodeliaris pumping water near Ouddalore 
derive their water-supply from beds of sand near the 
surface. He has started with one well 12 ft. in 
diameter and has sunk alongside it a second well 20ft. 
in diameter and now lie proposes to sink a third well 
so as to obtain an increased area of percolation and a 
large storage capacity for water. Ilis wells are already 
over 30 ft. deep and further progress is b?ft*red by the 
frflct that they now rest on a bed of clay. Under this bed 
of clay, which has been proved to have a thickness of 
more than 50 ft., it is not at all improbable that water- 
bearing sands or gravels may be met with, and it is 
•piite possible that by sinking the borehole to 
sufficient depth we might obtain an artesian or sub- 
artesian supply of considerable volume. ” 

It is interesting nowf to be able to report that 
Mr. Panduranga Moodeliar has employed some well- 
borers from Pondicherry to test the truth of this con- 
jecture, with the result that it Has proved correct. At 
a depth of 84 ft. from the surface he struck artesian 
water which rose* in his well to within 14 ft. of 
the level ^of the ground. At first the supply was 
very copfous and a considerable volu me of sand and 
t In 1906. 


* In 1905. 
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mud was brought up with it, but after a few days 
the supply decreased and the water came up clear. 
The internal diameter of the tube is 7" and 
the discharge amounts to 140 gallons per minute 
or, say, 200,000 gallons per day. During the day 
time, while the engine and pump are at work, 
the water is kept down in the well so that the mouth 
of the tube is free, but as soon as pumping ceases the 
water begins to steadily rise in the wells and the static 
level, or the level to which the water rises when none 
is drawn off, is 14ft. below the surface of the ground. 
This is, therefore, what is usually termed a sub-artesian 
supply. As Mr. Panduranga Moodeliar’s engine and 
pump can easily deal with a discharge of 300 gallons 
per minute, I have advised him to put down two mole 
V boreholes in his larger well and this he has 
agreed to do. As the well is 31 ft. deep at the 
place where the borings will be started, it will only be 
^necessary to carry them down slightly over 50 ft., and 
the cost of doing this will be about Us. 100 for each 
borehole. 

As already stated, the well-boring operations were 
carried out by men from Pondicherry, and from them we 
learnt that a very large number of artesian wells are in 
use in the country south of Pondicherry for irrigation 
of paddy crops. It is, 1 believe, well known that 
there are a number of artesian wellfc in Pondicherry, 
and the general impression regarding these ^sources of 
water supply is fairly accurately stated in tlfe Report 
of the Irrigation Commission, in which the Commission- 
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ers mention that they have received information re- 
garding 11 artesian wells in Pondicherry yielding ft 
total supply of 5£ cusecs. No allusion is made to any 
irrigation under these wells and I think the general 
impression, which I have hitherto shared, is that the 
artesian water-supply in Pondicherry and its neigh- 
bourhood is not of much importance. That this is 
erroneous will be seen from the following facts which I 
gathered during a brief visit to the French territory in 
company with Mr. Panduranga Moodeliar. The road 
from Cuddalore to Pondicherry crosses the Ponniar 
river about a mile and a half out, and almost immedia- 
tely begins to wind its way through alternate French 
and British villages. For some miles on either side of 
the road the country at this time of the year is dry 
and barren, but almost immediately after passing the 
Customs House, which is six or seven miles from 
Cuddalore, ] witches of bright green paddy are to be seen 
,md beyond the Kilinjar river the greater part of th<j 
land on both sides of the road is under cultivation and 
presents a strange contrast to the burnt-up fields which 
here and there intervene and which can be seen all 
along the road in the far distance. Leaving the main 
road beyond the Kilinjar river we inspected a number 
of wells in various villages, aifil as we were accompani- 
ed by two well-boring maistries and by the owners of 
most of these w£lls, we were able to get fairly accurate 
informa^jon regarding them. All the wells are bored 
the same diameter, viz., 7 in., and in depth they vary 
from 150 to 250 ft. The tubing is made of sheet iron 
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riveted together in lengths of 4 ft. and the ryots 
measure the depth of a well by the number of tubes 
employed. One of the best wells we saw had been 
sunk to a depth of 1 84 ft. and apparently yielded a 
supply of about half a cubic ft. per second. The irri- 
gation under it was said to he 20 acres, and the cost 
of putting down the well Rb. 300. The water in many 
of the wells appears to contain salts of iron ns the 
channels flowing away from them bore evidence of this. 
In one village, Pudukuppum, there were 10 wells, and 
in another village, Kilinji-knppum, there were 12 
wells, the total area under irrigation in these two 
villages being 130 acres, or an average of about 7 acres 
per well. One of the well-boring maistries, Manika 
Gownden by name, informed me that he had learnt 
the trade from a man brought to Pondicherry by the 
French Government, and that during the last 10 or 12 
years he had sunk between 200 and 300 wells, whilst 
fhe other maistry claimed to have put down independ- 
ently 210 wells. These figures may or may not be 
correct, but I am quite certain that there are many 
hundreds of wells to the south of Pondicherry and that 
probably more than a thousand acres are under irriga- 
tion from them. I was told that thereare a considerable 
number of people engaged in well-boring and that about 
25 sets of well-boring apparatus are in use. No at- 
tempt has been made anywhere except in the well 
belonging to the Anglo-French Textile Company at 
Pondicherry to increase the natural flow of the wells, 
■and the result is that most of them yield only a com- 
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parafcively small quantity of water. It would seem 
that the greater number of wells are in French territory 
but there is also a considerable number in the British 
villages scattered throughout the country between the 
Ponniar and the Kilinjar Rivers. 

One or two attempts to obtain artesian water 
have, been made in Cuddalore ; but they ended in 
failure, or supposed failure, because no water 
rose above the level of the ground. Mr. Panduranga 
Moodeliar’s boring on the banks of the Ponniar River 
shows that the bed of artesian water is of enormously 
greater extent than has higherto been supposed, but 
that in its southern extension the pressure is not 
sufficient to bring the water above th£ level of the 
ground. Although the number of boreholes which 
have been put down is very considerable, the quantity 
of water drawn from these sands is by no means large, 
and it is probable, nay practically certain, that by 
jumping it could be enormously increased. The viJ-, 
lagers told me that in the rainy season the wells yield 
rather more water than in the hot weather, but that 
there is no great difference in the yield throughout the 
year. 

The value of this water-supply depends very much 
more upon the fact that it is Anstant throughout the 
year than upon its actual volume. But, unfortunately 
the poverty and ftidolence of the ryots precludes them 
from mal||ng any use of its perennial character. Usual- 
ly, where artesian water is available, two crops, of 
paddy are grown and the land is heavily manured with 
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castor cake. There seems to be scarcely any doubt 
that, if a number of small pumping stations were 
installed throughout this tract of country, several 
thousand acres might be brought under sugar-cane 
cultivation and the wealth of the people enormously 
increased. There are no large landholders, and in- 
dividual ryots are quite unable to undertake the opera- 
tions neccessary to fully utilise the value of these stores 
of subterranean water. 

When a well yields more water than the owner re- 
quires for the irrigation of his land lie sells the rest to 
his neighbours, taking one-third of the gross produce 
of the land in return for the water. Possibly some 
such system as this might be adopted on a large scale, 
but it would be better if it were undertaken by private 
enterprise than through any Government agency, as 
not only would it he necessary to find capital for the 
pumping machinery but a^o for advances to the 
« ryots to enable them to undertake improved methods 
of cultivation. Where water is supplied to the ryots 
by pumping, the cost is naturally greater than when it 
comes from a tank or channel, though it is always very 
much less than that which the ryot incurs when he 
bales out water from a well by means of a picottah or 
mhote. Nevertheless, hip is extremly unwilling to pay 
a water rate which may account to Ks. 15 or Rs. 20 
per acre per annum, although this is very much less 
than he is actually paying when he employs coolies or 
cattle to lift water for him. In the one case ne has to 
pay money down, and the ryot dislikes parting with 
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money, whilst in the other the payment is made 
in kind and is usually a part of the produce of 
the land itself. The introduction of the va ram 
system seems to be the most likely way in which 
it will be practicable to bring to the aid of 
the ryot capital which would be freely available be- 
fore ready means of applying it can be devised. 
Sugar-cane cultivation offers the most favourable field 
for experiments in this direction, and the country 
round Cuddalore possesses unusual facilities for the 
growtli of such a crop. 

The cretaceous deposits of Pondicherry are well 
known to geologists and have been the subject of 
several learned memoirs, but the artesian Vater-supply 
derivable presumably from the extension of these beds 
has not receixed the attention which it deserves. I 
have no information as to the portion or the area of 
the out-croj ol these water-bearing sands, yet from an 
economic point of view it is important that thes^ 
should be thoroughly investigated, so that some esti- 
mate may be formed as to the capacity of the subter- 
ranean reservoir. 
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THE VALUE OF WIND-MILLS IN INDIA. 

Previous to the advent of the steam-engine the 
wind-rail! was held in high repute as a means of obtain- 
ing motive power, and it was largely used for grinding 
corn and for raising water for the drainage of low lands. 
The old fashioned mill was cumbrous and expensive, 
and, as a rule, it was so heavily loaded that it only 
worked in strong winds. The disadvantages attendant 
on its use were many and serious and it is not surpris- 
ng that it fell into disrepute. Subsequently the inven- 
tion of the dynamo and the electrical accumulator 
again drew the attention of Engineers to the wind as 
a source of energy and the modern aermotor or wind- 
engine was gradually developed. The expectations 
based upon the conversion of the power of wind into 
electrical energy and its storage in accumulators have 
not been realized mainly because of the large capital 
outlay involved in the plan. But a field for the use of 
wind-engines has been found in employing them to 
pump water either for 'domestic purposes, for drainage 
or for irrigation, and at the present day many thousands 
are doing useful work iu these directions. In no part 
of the world would there be more scope for them than 
in, India where millions of cattle are daily employed in 
raising water from wells for the irrigation of land, but 
unfortunately, they are too expensive for the individual 
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ryot., and there is a generally prevalent idea that the 
wind-currents in India are too light to make the 
amount of energy derivable from them of any material 
value. 

About two years ago I was asked by the Board of 
Revenue to furnish them with information regarding 
the utility of wind-mills for irrigation work, and as 
there was no trustworthy information available, I pro- 
posed to Messrs. Parry & Co., the Madras Agents of 
the Chicago Aermotor Company, that, if they would 
place an aermotor at my disposal for purely experi- 
mental work, I would undertake to collect and place 
on record the observations. After consultation with 
their principals in America, it was settled that a 16 ft. 
aermotor mounted on a 70 ft. tower should be handed 
over to me to experiment with and the Board of Rev- 
enue agreed to furnish the necessary funds. 

A new aermotor was accordingly sent out, and I 
had it put up in the compound of the School of Art^ 
Madras. An attempt was made to sink a well, but the 
sub-soil proved so unsatisfactory that the well was 
abandoned and a masonry tank 10 ft. square and 5 ft. 
deep war* constructed under the aermotor tower. It 
was originally intended that the aermotor should drive 
a rocking lever at the ground level, to which lever two 
pump rods were # to J)e attached, one working an 8-in. 
pump, the other a 6-in. pump, both to be fixed 25 ft. 
below gyund level in the well. But when the well 
had to be given up it was found impracticable* to 
arrange for driving two pumps ei eepfc at a greater 
s 
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expense than was warranted and only the 8-in. pump 
was fixed in the tank. 

The object of the experiment was to ascertain the 
quantity of water which the wind-mill would lift to a 
certain height every day in the year, and as there was 
no necessity to use the water for any purpose it was 
decided that the pump should be arranged to lift the 
water 25 ft. and allow it to fall back into the tank. 
To obtain the information required, a tacheometer was 
fitted to the pump to record every stroke, and to 
obtain the quantities of water lifted, it was only neces- 
sary to ascertain, as accurately as possible, the delivery 
of water per stroke. To do this, another tank 10 ft. 
square and 5 ft. deep was built above the level of the 
ground and the water discharged from the delivery 
pipe was carried to it by a two-inch main fitted to the 
bottom of a wooden funnel into which the water lifted 
by the pump was discharged. 

The aermotor and tower were bolted together 
horizontally on the ground and were then lifted into a 
vertical position by means of a derrick. The plan 
followed was the very ingenious one devised by the 
Aermotor Company, but it gave us a great deal of 
trouble, as the tower, though it has proved to be amply 
strong enough in the erect position, was not well adapt- 
ed to resist the strains brought upon it during the 
process of lifting, notwithstanding the fact that the 
instructions of the Aermotor Company were carefully 
carried out in regard to the addition of temporary bracing 
to resist the bending stresses. The wind-wheel was 
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geared down to work the pump in the ratio of 3J to 1. 
The diameter of the pump was 8 inches, and the length 
of the stroke 1 6 inches, so that the theoretic discharge 
of the pump was 2*9 gallons per stroke. Careful experi- 
ments repeated a great number of times by recording the 
number of strokes required to fill the measuring tank 
showed that the average quantity of water delivered 
by each stroke of the pump was 2*5 gallons or 86 per 
cent, of the theoretic delivery. After preliminary 
experiments a daily record of the work done by the 
wind-mill was kept from the end of March, 1902, and 
readings of the tacheometer were taken every morning 
at 8 a.m., at mid-day and at 4 p.m. It was at first 
intended to set up an anemometer to* record wind 
velocities, but after careful consideration of the matter 
it was finally decided to dispense with the anemometer 
readings and to obtain all the information regarding 
the wind movements from the Observatory in Madras 
which is situated not, much more than a mile awa^. 
The aennotor was 70 ft. above the ground and well 
above the infiuence of obstructions to the wind caused 
by buildings and trees, and as the whole country, for 
miles round, is a practically dead level plain, it was 
thought that, considering the observations were to be 
extended over a long period of*time, it would be better 
to accept the Observatory anemometric determinations 
than to admit a new set with instruments not so care- 
fully calibrated as those of the Government Obser- 
vatory. 

Th^e aermotor has now been iff operation for more 
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than one year and sufficient information has been 
obtained to decide the question as to the suitability of 
these machines for irrigation work in India. Mr. E. 
LI. Jones, the Deputy Director in charge of the Madras 
Observatory, has been kind enough to furnish me with 
a copy of the Observatory wind records for the whole 
year, and this statement gives not only the daily wind 
velocity in miles hut also the movement of the wind 
in miles for every hour throughout the year. He has 
also been kind enough to furnish me with other data 
regarding wind movements in India of which, as wi\\ 
be subsequently seen, considerable use has been made 
in this j>aper and I am greatly indebted to him for his 
courtesy in this matter. Mr. J. Cook, of the Central 
College, Bangalore, and Director of Meteorology in 
Mysore, has also been kind enough to send me 
valuable extracts from the records of his Observatories, 
and 1 am glad to acknowledge my indebtedness to him 
for the same. 

It seems unnecessary to publish the whole of the 
data which have been collected, but as a sample of the 
records for the whole year, Table I summarizes the 
results of the observations made during the month of 
June. 

To determine the ratio Ijetween the work done by 
the wind-mill and the daily velocity of the wind in miles 
was the main object of the experiments and this was 
easily done by plotting the observations section 
paper, taking as ordinates the number of gallons' of 
water lifted 25 ft. per day and as abscissa* the wind 
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movement in miles per day. When the observations 
had all been plotted, it was found that a straight line 
having the equation X= 175 (Y — 53) represented the 
results very satisfactorily, where X is equal to the 
number of gallons of water lifted 25 ft. per day and 
Y is the daily movement of the wind in miles. 

General observations of the working of the wind- 
mill show that the strongest and steadiest winds 
generally blow in Madras from noon till about 5 o’clock 
in the afternoon, and from an examination of the Ob- 
servatory records, it was found that, on a considerable 
number of afternoons during the year, the wind blew 
with an almost constant hourly velocity, and from a 
selection of such days, a second curve was plotted 
having as ordinates the work done by the wind-mill 
from 12 to 4 i\M. and as abscissa* the total wind move- 
ment, during that period. The equation X=1 56*87 Y 
represents these results with very great accuracy 
whenever the wind velocity averages more than 8 mil*s 
per hour during the period. Careful observations on 
several days with an anemometer fixed to the wind- 
mill tower showed that it required a steady breeze of 
about 7^ miles per hour to keep the wind-mill in con- 
tinuous motion, but that, wh^n the wind velocity ex- 
ceeded 3 miles per hour, a certain amount of work was 
done as the result of puffs of wind. From the first 
equation it will be seen that, when the daily wind 
velocity^ below 53 miles per day, the amount of work 
done by the wind-mill is negligible, but that above 
that velocity it steadily increases* in direct proportion 
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to the increased rate of the movement of the wind. 
This same result is also obtained from the second equa- 
tion, and it is one of extreme importance because 
makers of wind-mills invariably claim that the work 
done by a wind-mill is proportional to the cube of the 
wind velocity ; and in their catalogues and price lists 
they publish fictitious tables showing the work done by 
the wind at \arious velocities. 

Table II has been compiled from the average 
wind velocities measured at the Observatory in Madras 
during the 30 years 18GG — 1894. using equation (1) 
to determine the average amount of water which the 
wind-mill can lift. 

The other columns in this table show' (1) the 
depth to which an acre of land would be covered during 
the month by the water lifted by the wind-mill ; (2) 
the average monthly rainfall ; and (3) the depth of 
water which would he supplied to 10 acres of land by 
adding to the natural rainfall the quantity of water 
lifted by the pump. The months of February and 
October are the least'windy in the year ; but, during the 
former the harvest is in general progress whilst during 
the latter the rainfall is usually heavy. In March and 
April there is practically no rain, but the water deli- 
vered by the wind-mill would be more than sufficient 
for the seed-beds required for an* area of over 1 0 acres. 
During May, June and July strong winds are prevalent 
and the water lifted by the wind-mill added to the 
aveiage rainfall would cover a field of 10 acres to a 
depth of over G inches. This is sufficient with careful 
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Table II. 


Month. 

Wind ; 
daily 
velocity 
in miles. 

Rainfall 
in inches 
during 
the 

month. 

Gallons 
of water 
lifted per 
day 25 
feet. 

Inches, 
depth on 
10 aures 
per 

month. 

Total rain* 
fall and 
water lifted 
inches on 
10 aores. 

January ... 

144 

0*89 

15,920 

2*18 

3*07 

February ... 

122 

0*28 

12,070 

1-49 

1*77 

March 

152 

0*39 

17,318 

2-37 

2*76 

April 

ISM 

0*62 

24,140 

3*20 

3*82 

May 

227 

2'] 2 

30,450 

4*09 

6*21 

June 

220 

2*11 

29,215 

3‘87 

5*98 

July 

108 

3*87 

25,380 

2'47 

7*34 

August 

174 

4-56 

21,180 

2*89 

7*45 

September,, i 

156 

4-60 

18,020 

239 

7*08 

October ... 

123 

11-00 

12,240 

1*62 

12*62 

November... , 

165 

13-21 

19,000 

2*00 

15*81 

December ... 

183 

5* 28 

22,740 

3*11 

8*39 

. ' 


use for the irrigation of almost any crop, and I am 


therefore of opinion that a 16- ft. aermotor will do 
sufficient work in Madras to irrigate 10 acres of land 
when the water has to be lifted 25 ft. 

Before discussing these results further, it will be 
well to give a brief resume of the results of experi- 
ments on wind-mills which have been made in other 
parts of the world. “ The Water Supply and Irrigation 
Papers,” published by the I’nited States Geological 
Survey No. 20, give an account of an extensive series 
of experiments witli wind-mills made by Mr. Thomas 
Perry. The experiments were carried out with extreme 
accuracy and with very elaborate apparatus and the 
results of them may be summarized as follows : — 

(1) t The maximum work which can be done by 
a wind-mill is proportional to the cube of the wjnd 
velocity. 
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of this is that the wind-mill works with the greatest 
efficiency when the veloc ity of the wind is just suffi- 
cient to keep it in steady motion, and, that at any 
other higher velocity of the wind only a portion of the 
useful work which the wind-mill could do is utilized. 
If a convenient arrangement could be devised 
whereby the load put upon the wind-mill varied with 
the square of the wind velocity the work done by the»e 
machines would be much greater. An attempt to rea- 
lize this is made by the Chicago Aermotor Company 
who provide means whereby three different lengths of 
stroke of pump can be obtained, but in practice, it is 
found inconvenient to alter the length of tine stroke. 
The most satisfactory way to vary the load on a 
♦wind-mill is to provide it with two pumps worked 
through a rocking lever fixed at ground le\el. One 
pump can be permanently attached to the rocking lever 
and the other whenever the wind velocity is sufficient 
to justify doing so. 

* Table II has been compiled from the results 
obtained with a single pump of 8 inches diameter and 
1G inches stroke, but it is certain that for the greater 
part of the year for several hours each day the aermotor 
would have been capable of working two such pumps 
with practically no loss cf speed. 

Table III gives the mean hourly movement of 
wind at Madras irrespective of direction and by using 

* A wind-mill has since been erected at Mclrosapuratn in whioh 
the pump is worked through a rocking lever and th; t point of 
ftttaohnKDt of the pump rod to the rocking lever can bo shifted by 
a traversing screw In this way the stroke of the pump oan be 
altered through a range slightly more than double file minimum. 
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this table we can approximately estimate what extra 
work would have been done if it had been possible to 
attach a second 8-inch pump to the wind-mill when- 
ever the velocity of the wind was sufficient to drive two 
pumps. With a wind velocity of 8 miles per hour and 
one 8 inch pump the wind-mill works steadily ; with 
double the load, since the power of the wind-mill is 
proportional t 0 the cube of the velocity of the wind, 
a wind velocity of 10 08 miles per hour would he re- 
quired. 

From Table III, Table TV has been compiled by 
taking out for each month the average number of hours 
in the month during which the wind velocity was over 
8 miles per hour, and also the number of hours in each 
month during which the wind velocity averaged over 
1008 miles per hour. From the totals it will be seen 
that the wind was strong enough during 3,791 hours to 
drive one purn-p and sufficiently strong during 1,985 
hours to drive two pumps. This means, that, neglect- 
ing any work done by the wind when the average 
velocity was below 8 miles per hour, the total quantity 
of water raided by the wind-mill during the year would 
have been increased by 52 ' 4 per cent, if another 
pump could have been attached when the wind was 
favourable. To drive three pumps the wind velocity 
would have to he 11‘54 miles per hour and the table 
shows that this velocity was exceeded during 917 hours 
in the year, so that the addition of a third pump would 
have increased the work done by a further 24.3 per cent. 
If a 1 0-inch pump had been attached to the wind-mill 
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Talle IV. 

Number of hours in each month the mud move- 
ment pw hour exceeded 8 miles (A), exceeded 10*08 


mile s (B), exceeded 
miles (D). 

11-54 milts (C), 

exceeded 9*28 

Month. 

H 

D 

n 

I) 

January 

.. ; 248 

186 


217 

February 

1% 

56 

. . 

140 

March 

.. i 248 

186 

93 

217 

April 

. . | 360 

240 

180 

360 

May 

.. 558 

341 

217 

496 

J uue 

. . : 630 

300 

210 

360 

July 

372 

217 

62 

279 

August. 

.. . 279 

62 

, . 

! 186 

September 

. . ' 240 

, . 

, . 

120 

October 

.. : 120 


, , 


November 

. . ; 270 

1 80 , 

% . 

283 

1 feoember 

. . : 270 

r/C 

155 

363 

Tota 1 

.. ! 3,791 

j 1,985 

917 

! 2,795 


instead of an 8-inch pump, a wind velocity of 9*28 
miles per hour would have been required. 

Table IV shows that during the year the wind 
exceeded this velocity during 2,725 hours and the 
quantity of water' which would have been lifted by 
the 10-incli pump would have been almost exactly equal 
to that .which was lifted by the 8-inch pump, as 
when the 10-inch pump is wording, it will in hny 
given time lift 1*345 times as mufch water of the 8-inch 
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* The figures in this table are takin from the Memoirs of the Mysore Meteorological Department 
md are comparable with the figures for Bangalore in Table VII. 
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Tahle VI. 

Number of hours in each month the wind move - 
tmnt per hour exceeded 8' 28 miles (A), exceeded 1043 
miles (B), exceeded 1 1*94 miles (C), exceeded 9 '50 
miles (D). 


Month. 

A 

n 

(! 

1) 

January 

fi-20 

270 


510 

February 

448 

508 


504 

March 

4:u 

155 


520 

April 

240 

00 | 


155 

Way 

Cm I 



541 

Juno 

720 

720 ! 

540 

720 

J"ly 

744 

74 t 

051 

744 

A ugust 

1 744 

405 ; 

270 . 

744 

September 

300 


i 

150 

Oetol»er 

217 ! 

1 



November 

270 : 

50 

’ ‘ i 

. . i 

180 

December ^ 

or>i ; 

270 , 

to 

•4 

510 

Total . . 

0,050 1 

i 

:s,O 08 j 

1.(187 ’ 



pump. An examination of the figures given in 
Table IV shows that with the 8-inch pump 
the volume of water lifted is more uniformly distri- 
buted throughout the year than would he the case if 
the larger pump were used, and we may fairly assume 
that an 8-inch pump is more suitable for work with a 
1-6-feet aermotor in Madras tbtfb a 10-inch, pump 
tfouhj be. It is important to notice, however, that the 
difference is not vfry material and that, in places 
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where the wind distribution is anything like that at 
Madras, the size of the pump may vary within con- 
siderable limits without materially affecting the quanti- 
ty of water which would be lifted. 

Table V. extracted from the Mysore Meteorological 
papers gives the mean hourly velocity during the four 
years (1895 to 1898) at Bangalore, and from the data 
thus furnished. Table VI. has been made out, similar to 
Table IV.. in order to frame an estimate of what would be 
the work done by an a^rmotor in that locality. As the 
station is over 3,000 feet above the level of the sea, the 
density of the air is less and may be assumed to be 0’9 
of that at sea level. Since the work done by the wind is 
proportional 1o the ma<s multiplied by tffe cube of the 
Velocity a wind of 8 miles per hour at sea level will be 
as effective as one of 8 'US miles per hour at 3,000 feet 
elevation. The totals of the columns of Table V. show, 
that a single 8-inch pump could he w^j&ed for 0,039 
hours, and that two pumps could be worked for 3,008 
hours, whilst three pumps could he worked for 1,087 
hours, giving an increase to the amount of water lifted 
of 50 per cent, for two pumps and a further increase of 
28 per cent, foi a third pump. If a 10-inch pump were 
used, it would work for 4,328 hours ; this number 
multiplied by 1*35, the ratio the work done by the 
two pumps in any given wind shows that tie 10-inch 
pump would onl/ lift 90’7 per cent, of the water lifted 
by an 8-inch pump, and an examination of the table 
shows ti&t the greater j>art of this work would be dpne 
during three monsoon months and that during the rest 
U 
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of the year the 8-inch pump would be immensely 
more effective than a 10-inch pump. From these 
figures, it would apj>ear that the wind movements in 
Bangalore are so much stronger than in Madras that 
the work, which a 16-ft. aermotor would do, would be 60 
per cent, greater. It would be interesting to extend 
this method of investigating the prospects of a wind- 
mill to a number of other places in India, but the 
hourly data are not available, and we must content 
ourselves with the daily returns published by the 
Meteorological Department. In Table VII. the average 
daily wind velocity for each month in the year for 
some 28 stations fairly evenly distributed over India is 
given. 

We have seen tljjat the work (lone by tht 
aermotor in Madras is proportional to the daily 
velocity of the wind, the equation being 

y — 53). Applying this equation to the figures 
giving the a\.~age daily velocity throughout the 
year we obtain the ratio given in the horizontal line 
method is based upon the assumption 

that an 8-inch pump is in use. Hut in places of low 
wind velocity it would be advisable to use a smaller 
pump, and in places of much higher wind velocity better 
results will be obtained Ivith a larger pump. We have 
seen that the energy of the wind is proportional to the 
cube of the velocity and that the starting power of the 
wind is proportional to the sr^iare of the velocity, and 
it therefore seems not unreasonable to assumed that the 
energy which can «be derived from the wind may be 
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taken as approximately equal to the square of the daily 
wind velocity. In Table VII. is given the ratio of the 
average wind velocity at each plane to the average 
wind velocity in Madras ^ )un(l the squares of these 

numbers ^ * A com pm son of the two sets of 

iigures, ^ ^ and ^ ^shows that only in places of 
extremely low or extremely high wind velocity there is 
any very material difference, and for this reason, I am 
inclined to think that the latter method of estimating 
the probable amount of work which can he obtained 
from a wind-mill in any locality is the more accurate. 

It will be seen that at the great majority of 
stations the wind forces are so slight *that we may 
1m hesitatingly say that wind-mills are of no value. 
There remains, however, a certain number of stations 
where the conditions are favourable, and as these 
represent the wind conditions prevailing over a 
large tract of country, we arrive at this result: th^t 
though over the greater part of India including the 
whole of Northern India, the energy of the wind is of 
no practical value, yet, there are many places in 
peninsular India where it should he profitable to make 
use of wind-mills for irrigation. Along the sea coast from 
Karachi to Bombay and fromPfamond Harbour to Nega- 
patam, over a large tract of the Peccan, over the Mysore 
Plateau and probably in most of the hill stations, it 
will be found tlmt wind-mills if not absolutely ideal 
machine/for lifting water, are by far the cheapest ajad 
most convenient of mechanical devices available. 
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From the equation which has been obtained as the 
result of observations in Madras, it is easy to calculate the 
effective horse-power obtained from a wind-mill, and it 
will be seen that when the load is fixed, as it is by the 
size of the pump and the height over which the water is 
lifted, the actual horse-power of the wind-mill is not 
very large even when strong breezes are blowing. On 
the other hand, it must be remembered that a wind- 
wheel of from 1 2 to 20 ft. in diameter would be suffi- 
ciently large to extract all the water that can he obtain- 
ed from the majority of wells sunk in this country, 
and that, as it is most effective in hot dry weather, it 
is a more convenient aid to irrigation than at first sight 
might be expected. We ha\e seen that the amount of 
effective work which a wind-mill can do b increased .00 
per cent, by the addition of a second pump, and as 
the cost of this addition is eompartively small compared 
with the cost yf a wind-mill tower and pump, l strong- 
ly recommend that all wind-mills erected for lifting 
water should be arranged so as to he able to drive two 
pumps during periods when the wind velocity is suffi- 
ciently high. 

Taken as a whole, the movements of the wind 
in India, though very’ much feebler than in tem- 
perate climates, are fairly reliable and conveniently 
distributed, the maximum wind force usually occurring 
in the afternoon when the water in the well will pro- 
bably be at its lowest level and 4 the work of Jifting it 
out therefore greatest. It may also be noted! that, as 
a rule, during rainy weather the wind movements are 
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feeble, but water for irrigation is not wanted then ; 
whilst hot dry weather, when water is most wanted, is 
usually accompanied by strong winds. The actual 
results of irrigation with aermotors should therefore be 
somewhat more favourable than calculations based on 
average returns indicate. 

As the result of experience with the working of 
the aerrnotor supplied by the Chicago Company, I am 
of opinion that these machines are not sufficiently 
strongly constructed for work in India. A good many 
minor breakages have occurred during the course of 
the experiment.-, but the most serious defects were due 
to the bad fitting of the valves iri the pump chamber. 
The design seems to be excellent but the execution 
"was bad and much trouble might have been obviated 
if the pivots on which the flap valves turn bad been 
made larger and fitted into better designed sockets. 
A wind-engine and pump cannot be^laced in inex- 
perienced hands ; they require carefully looking aft**, 
and the slightest defect or damage should be remedied 
immediately it occurs. It will not pay to keep an ex- 
perienced fitter to look after a single wind-mill, but 
the man could easily look after a dozen mills and where 
such colonies of wind-mills can be established they 
should prove remunerative investments. 

A 1 0 feet aerrnotor mounted on a 40-ft. tower and 
fitted with an 8-inch pump will cost, when erected over 
a well, j^oufc Rs. 1,500, and we may assume that the 
cost of maintaining the same in good order will* be 
about Rs. 5 a month. Such investments should yield 
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about 6 per cent, interest on the capital expended, 
or Iis. 7-8-0 a month. Ten per cent, for depre- 
ciation is perhaps an excessive amount to allow, but 
it will be well on the safe side if we do so. This comes 
to Rs. 12-8-0 a month, making the total cost of the 
wind-mill Rs. 25 a month. Now, this wind-mill will 
do as much work as at least 2 pairs of good cattle, and 
if fitted with two pumps, it will be equivalent to 3 
pairs of cattle and the cost of lifting water with them 
will amount to from Rs. 45 to Us, 07 a month, 
showing a margin in favour of the wind-mill of from 
Rs. 20 to Rs. 40 a month. This is the result that can 
be obtained in Madras, but ther* are thousands of 
square miles of country in India wdiere much more 
favourable results can be obtained, and I therefore 
conclude this brief account of my observations on a. 
wind-mill in Madras with the statement that there is 
a wide field ifh, India open for the profitable employ- 
ment of wind-mills in lifting w r ater for irrigation. 



CHAPTER VTI. 


EXPERIMENTS WITH WIND-MILLS. 

In the summer of 1903, the Royal Agricultural 
Society of England made an extensive series of trials 
of Wind Pumping Engines at Park Royal, and the 
gold medal of the Association was awarded to the Goold, 
Shapley A' Muir Co., hi mi ted, of Brantford, Ontario, 
Canada, for their Imperial Canadian Wind Engine. 
The most important feature in which this wind-mill 
differs from others is the gearing whereby the motion 
of the main shaft is transmitted to the pump. It con- 
sists of two vertical parallel racks with a connecting 
semi-circular rack top and bottom, in which the pinion 
on the main shaft alternately engages, the rack being 
thrown over at the end of each stmfee by means of 
cams, t b.us reversing the direction of the travel of the 
pump rod. The rack is guided between four steel 
rollers, and to ensure the even working of the pinion 
in the rack a steel guide plate working against a flanged 
roller is provided. This enables a very long stroke of the 
pump to he used, and throughout the stroke the plunger 
travels at a uniform velocity, assuming that the main 
shaft itself is revolving uniformly. 

As it was considered desirable to make further ex- 
periment on wind-mills for irrigation, an English- 
built wind-mill of this type was purchased from 
Messrs. Rickman & Co. T and erected at Melrosapuram. 
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The wheel is 1 6 feet in diameter and it is erected up- 
on a tower, 40 feet high. The cost of the wind-mill 
was *167-1 Os. A special irrigation pump was provided 
fitted with an arrangement whereby the stroke of the 
pump could be varied from 22 inches as a maximum 
to 10 inches as a minimum. The pump is double act- 
ing and the plunger has a diameter of 12i» inches. The 
pump has been erected by the side of an existing well 
at ]\lelrosapuram in a shaft about 6 feet in diameter, 
connected at the bottom with the infiltration well. 
The pump deli\ers the water into a reservoir with 
brick walls, 40 feet square, and capable of holding 
about 4 feet depth of water. The storage capacity is, 
therefore, about 40,000 gallons, or more than the, 
maximum (juantity which is likely to be delivered by 
the wind-mill in a single day. The cost of the installa- 
tion complete was about Ks. 3,000 1 he price of the 
pump with the^gearing for varying the length of the 
stroke being Ks. 1001. 

From the 1st April, 1 $)()(>, an attempt has been 
made to keep a record of the work done by the wind- 
mill and a similar record lias also been kept for a 10- 
feet wheel made by the Chicago Aermotor Company 
which is also at work t at Mclrosapurarn lifting water 
from another well. The observations to be made were 
of the simplest possible character, but before any use 
could be made of them every {Jay’s record had to be 
carefully scrutinized and nearly half of them Vejected. 
The instructions were that at 7 O’clock every morning 
the depth of the w<*ter in the storage tank should be 
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measured and the sluice opened till the tank was empty. 
At the same time the depth from which the water was 
being lifted was to be recorded. After the wind-mill 
had been at work a short time, it was found that the 
arrangement for varying the length of the stroke of the 
pump was not very effective, and that the rocking arm 
required to be balanced. Further experience clearly 
indicated that the variable stroke was of no great ad- 
vantage and finally the maximum stroke of the pump 
was accepted as being tbe most satisfactory load to put 
upon the wind-mill. All the gearing was then remov- 
ed and the pump rod made continuous throughout. 

The results of the observations are shown in 
Table I which contains a record of the working of tbe 
wind-mills for a period of lo months. The comparison 
between the working of this wind-mill and that of the 
Chicago Aermotor in Madras (vide p. 137) shows that 
the results at Aj^elrosapuram have so far been extremely 
unsatisfactory and that only during the last month on 
t\ie record was the outturn at all comparable with the 
results obtained in Madras. Melrosapuram is only 29 
miles south of Madras, but it is 14 miles from the 
sea and the wind velocities are apparently much 
smaller that oil the Coast. Just at the time when the 
records from this wind-mill were becoming interesting 
and fairly satisfactory, it met with an unfortunate 
accident. A tooth of the mangle rack broke off and 
jammed between the pinion and tbe rack ^ with the 
result that the gearing was smashed to pieces. This 
most unfortunate accident has necessitated tbe dis- 
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mantling of the wind-engine and its removal for what 
is practically a reconstruction. 

In Table T the work done by the Canadian Aer- 
motor is compared with the work done by the Chicago 
Aermotor, the wheel of the former being 1 (> feet in 
diameter and of the latter 1 0 feet in diameter. The 
ratio of the surface exposed to wind is therefore 
Usually it is considered that small wind-mills are in 
proportion to their size more efficient than large ones T 
but in this case the results obtained are all in favour 
of the larger wind-mill. During the months of the 
cold weather, when the winds are very light, Die effec- 
tive work done per square foot of surface^ exposed to 
the wind is as much as double, bur. during the months 
when the winds are much stronger, the ratio is by no 
means so great. 

Throughout the period under rexiew the wind- 
mill was employed to irrigate sugar-ca^e, and the area 
watered amounted to 3-i acres, but during the monfcfi^ 
of February and March the supply of water was insuffi- 
cient for the cane and a supple men tary supply was 
obtained from the oil-engine and pump. This amount- 
ed in February to 340,000 gallons and in March to 
about 200,000 gallons. The observations recorded here 
must be extended over a period of several years before 
any general conclusions can be drawn from them. All 
that can be safely said at present is that the capital 
outlay at^Ielrosapuram on this wind-mill and pump is 
hardly justified by the results. 



CHAPTER VIII. 


WIND-MILL IRRIGATION IN AMERICA. 

There is a generally prevalent idea that in 
the United States wind-mills are very largely used 
for lifting water from wells for irrigation, aud during a 
recent visit to that country I availed myself of such 
opportunities as came in my way to find out exactly 
what a practical race like t.he American farmers have 
been able to get out of the wind. Not very long ago 
a typical American wind-mill was lent to me by the 
Chicago Aermotor Company and I kept if under obser- 
vation for a year in the compound of the School of 
Arts, Madras. At the end of that time I felt justified 
in expressing the opinion that “ there is a wide field 
in India open for the profitable employment of wind- 
mills in lifting water for irrigation," but that the aer- 
motor supplied by the Chicago Company was not 
sufficiently strongly constructed for work in India/’ 
In the United States I saw many thousands of wind- 
mills, but very few of them were used for irrigation. 
They are nearly all employed either to drive light 
agricultural machinery, to raise water for domestic 
purposes, for watering stock, or for a small garden 
round the house. The water is raised from a well and 
stored in a tank from If) to 20ft, above the ground, the 
tower of the wind-mill being usually made strong 
•enough to carry the tank. In most instances 
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the supply of water required is not very large, and 
as soon as the tank is filled, the wheel is thrown out of 
the wind. Even when a good breeze is blowing it 
is not uncommon to see the majority of the wind-mills 
in a village or small town standing idle. Experience 
has shown that the cheap wind-mills of America rapid- 
ly wear out. and so they are carefully looked after and 
not allowed to run unnecessarily. 

Most of the wind-mills are of small size, 8 ft. and 
10ft. diameters being most numerous. I visited the 
works of the largest firm of wind-mill makers in the 
world, and in conversation with the Manager he claim- 
ed that his firm had sold 400,000 mills in the last 
few years and that they were exported to all parts of 
ttie world, .fudging from the size of the works and the 
very complete mechanical equipment, there seemed to 
he nothing improbable about the statement of output. 
But I was surprised to hear that they themselves did 
not consider their wind-mills strong enough for regular 
irrigation work. To sell large numbers of mills it was 
essential that they should he cheap, and to keep the 
cost of construction down to the lowest possible limit 
economy of material is practised to such an extent that 
the fat tor of safety is reduced to a minimum and there 
is very little margin for wear afld tear. In the design 
lightness is considered of extreme importance so as to 
save expenditure* on materials and transport, and 
methods of construction are adopted not because they 
are the b«4t that can be devised but because they require 
little skilled labour in the fitting of the parts and the 
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erection of the whole. The result is not satisfactory 
from an irrigation point of view, and this is borne out 
by the fact that wind-mills are not largely used in the 
United States for irrigation, except in certain areas 
where the local conditions are unusually favourable. 

Progress is so rapid in the States that it is difficult 
to get accurate statistical information, and even when 
such information is obtained it soon gets out of date 
and possesses little practical value. In consequence 
the following figures and statements taken from the 
sixth volume of the l\ S. fens us returns, which relate 
to the year 1899, cannot be accepted as accurately re- 
presenting the state of affairs at the present time, for, 
there is not Che least doubt that there have been con- 
siderable developments since then. Nevertheless, they 
help to substantiate tli e condition I have come to that 
Do very great use is being made of the wind to lift 
water for irrigation. In 1899 there were about. 170.000 
^cres of irrigation under wells, of which over 1 .'>2.000 
acres were in the State of falifornia. And as to the 
motive power employed for raising the water it is re- 
marked : — *' Wind-mills are not generally employed, 
even the -'mailer plants being operated by ^im, gas 
or electricity.’’ In the States of Kansas and Nebraska 
wind-mill irrigation is generally regarded as having 
reached its highest developments; yet it does not 
amount to anything material, since in 1899 there were 
only 1,909 acres irrigated by f>99 wells in Kansas, and 
in .Nebraska only 843 acres of >uch irrigation. Even if 
these figures could to-day be multiplied ten times, 
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which is doubtful, they would not represent anything 
very imi>ortaut. 

Of the neighbourhood of Garden ( 'ity, Kansas, Mr. E. 
i\ Murphy, ofthel T . S. Geological Survey, writes : — 

** Perhaps nowhere in the Tinted States is irrigation 
from wells by the use of wind-mills carried to the same 
extent as there, where may be found hundreds of wind- 
mill pumping plants furnishing water to irrigate for 
1 to lf> acres each.” During the irrigation season, 
which extends from April to September, the average 
daily wind velocity is 295 miles, and the water-supply 
is contained in beds of sand and gravel situated at 
depths below the surface varying from 8 to 40 ft. The 
wells are usually 3 to 4 ft. square and sunk as far as 
<^n be conveniently done into the water-bearing beds. 
They are lined with wood, and from the bottom 
perforated galvanised iron tubes from G to 12 inches in 
diameter are put down so as to increase the area of 
percolation into the well. Nearly all the pumps are, 
of the reciprocating piston type and are, as a rule, 
G, h or 10 inches in diameter. They are well designed, 
and the valves can easily be withdrawn for examination 
and repair. The working efficiency on lifts of over 
20 feel is usually 7 5 per cent, or more. From the 
results obtained in Madras witfi the aermotor it would 
appear that under such conditions a 1 6-ft. aermotor 
should be capable of lifting an average of 42,000 
gallons per day from a depth of 25 ft. or enough water 
to irrigat/ 20 acres of land. The conditions, therefore, 
are very favourable for the employment of wind-mills 
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and it is not surprising that- they have been made use 
of. The only wonder is that more of th**m are not at 
work. 

Undoubtedly the main reason is the unsatisfactory 
character of the ordinary wind-mill, which is so lightly 
built that it can only be allowed to work in moderate 
winds and is, therefore, arranged to gradually move out 
of the wind as its \elocity increases. This is a serious 
defect, as the power of a wind-mill is proportionate 
not to the velocity of the wind hut, to something more 
than the square of the wind velocity. < >bviousiy the 
wind-mill should be so constructed that its efficiency 
as a motor remains nearly constant through a wide 
range of wind velocities. In order tlmt this may be 
the case the initial load should be extremely small, so 
that the, mill will start in a very light wind. As the 
velocity increases the load should increase in nearly 
the same ratio, and the work done will Ham he pro- 
portionate to tde square of the wind velocity. To 
attain this result in a pumping-mill is a very difficult 
matter and lias ue\er yet been satisfactorily accom- 
plished. It can only he done by using a pump of 
variable stroke, and introducing some simple device 
for making the length of the stroke proportionate to 
the velocity of the wind. Any arrangement which is 
not automatii! is of very little value, except, perhaps, 
the device of driving through a rocking shaft two or 
more pumps provided with simple means for throwing 
them in or out of gear. With light winds one pump 
can be used, with stronger winds two and in 
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some places it might he profi table to employ a third 
pump. In America this method of working would 
probably be of little value ; as it would entail periodic 
visits of a man to adjust the load to the wind, and this 
would be costly. But in Tndia it would be quite 
practicable, as labour here is very cheap and the diurnal 
variations in the wind velocity are very regular. 

Our limited experience in India and the results of 
my enquiries in America are in complete accord. The 
cheap American wind-mil! outfit is not suited for irriga- 
tion work, and a stronger, stiffcr design i< absolutely 
necessary if it is to lind favour in this country. The 
manufacturers should aim at producing a wind-engine 
with a wheel about 10ft. in diameter, mounted on a 
tower 4 Oft. high, which is sufficient for most places. 
The wheel should he geared down to the pump shaft in 
the ratio of 3 to 1, and the pump should he from 10 
to 20. inches in diameter, depending on the lift, and 
fitted with mechanism yet to be invented, which would 
enable the length of the stroke to be varied automati- 
cally with the velocity of the wind. The design should 
provide for utilising the full force of the wind up to 
30 miles per hour, but beyond this velocity the gover- 
nor should corne into play and as quickly as possible 
throw the wheel out of the wfrid. For such a wind- 
engine and pump erected over a well it would be 
practicable to pay from Rs. 1,500 to Rs. 2,000, or from 
£100 to £130. The pump is a comparatively simple 
matter, lv f ut it requires careful design and must be well 
made so that it will be but little Jikely to get out of 
10 
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order. Bucket, leathers are probably the source of 
most trouble, but T am informed chrome leather makes 
a much more durable material for such fittings than 
the ordinary bark-tanned leather which is now univer- 
sally employed. If this be so, it is an important im- 
provement and should he adopted. In any case, it 
should be possible to remove all the valves from the 
pump and replace them with certainty even when the 
pump barrel is deeply submerged in the water. The 
wind-engine pump invariably does all the work on the 
up-stroke, and to obtain a fairly uniform resistance to 
the turning moment of the crank shaft, the weight of 
the pump rod and bucket should be more than counter- 
balanced so that on the down-stroke work is clone which 
is restored during the up-stroke. 'Phis can he effected 
by floating the pump rod in the delivery tube or by the 
use of counterbalance weights. By suitably proportion- 
ing the section of the pump-rod to the section of the 
delivery pipe, a very satisfactory distribution of the 
work can be obtained with a fairly uniform delivery of 
the water. 

For irrigation it is absolutely necessary that the 
pump should deliver the water into a storage reservoir 
which can be in >>t cheaply made with earthen banks, 
provided these ran be iliade water-tight. The hanks 
should be about lo it. 'Aide at the base, rift, wide at 
the top and -i ft. Gin. hi^h. The "reservoir should 
be - 1 unr? in plan, with Me> no* - lc- ; than fin ft. long 
on the iredde of the ban'' : it their base, and 'it should 
be ‘"lied to a depth) '»f ft., so a • to supply water tor 
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nbout 2 acres At a time. The reservoir should be provided 
with a small outlet to the well at the 3ft. level to pre- 
vent overfilling, and with a fairly large masonry sluice 
so that its contents may be discharged rapidly, as 
otherwise there will be a great waste of water if it is 
run on to the land in a small stream. In America, 
and especially in California, much greater attention is 
paid to this point than is usual in India, except in 
gardens where masonry conduits are in common use. 
If the practice were extended to fields under well irri- 
gation, the greater duty obtained from the water 
would amply repay the extra cost. 

To conclude, wind-mills have not yet had a fair trial 
in India. .Some have been set up in District? where there 
was insufficient wind ; and all have been too lightly 
built for the heavy work they have been called upon to 
perform where the wind was strong enough. Tn 
America heller results have been obtained ; but even 
there the present < heap type of mill is recognised as 
unsuitable, and manufacturers are considering whether 
the demand for an irrigation mill is sufficient to make 
it worth iheii while to meet it. 



CHAPTER IX. 


THE COST OF POWER. 

In the Madras Presidency industrial enterprise is 
somewhat handicapped by the high price which has to 
be paid for fuel. It seems therefore desirable to en- 
deavour to ascertain as far as possible the actual cost of 
generating power both in small and large units by 
different methods, so that in future data may be avail- 
ble to enable those who may have “need of power to 
obtain it at the minimum cost. 

The sources of power are : — 

1. Steam engines using wood or coal as fuel. 

2. Internal combustion engine.' using kerosine 

oil, liquid fuel or producer gas. 

3. Water-power generated at natural waterfalls 

and transmitted electrically. 

Of steam engines and boilers there are many 
varieties, and where fuel is cheap, as in the neighbour- 
hood of £ingareni or of the coalfields of Pengal, for a 
large scale of pouet development they are still the 
cheapest sources of in/)ti\e power. Small steam en- 
gines, however, even under most favourable circumstanc- 
es are much less economical^and ^hen not in perfect 
order are frequently extremely inefficient methods of 
producing power and it is probable that everywhere in 
Ift&a, for engines developing less than 20 horse-power 
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steam engines must give way to either oil or gas- 
engines. 

Although the number of steam "engines at work 
in the Madras Presidency is considerable and although 
most people keep accounts which enable them to ap- 
proximately ascertain what they spend on power, yet 
few of them know exactly how much power is used 
and are consequently unable to state even with 
approximate accuracy what each unit of power costs 
them. These remarks do not, as a rule, however, 
.apply to cotton mills, and from information which has 
kindly been supplied to me by Messrs. Hinny & (Jo., 
and by Messrs. Rest & Co., it has been .possible to 
ascertain the cost of working some of the largest 
and best managed power-generating stations in this 
Presidency. 

Prom the tabular statement, A. which has been 
prepared, it will be seen that the moat economical 
steam engines at work in this Presidency develops 
nearly 1,500 h. p, and requires 1,993 lb. of coal per 
indicated horse-power per hour. Including 6 per cent, 
interest on the capital outlay and 5 per cent, depreci- 
ation, both of which are proper figures to take, the 
cost of working this engine amounted to 10*305 annas 
per hour per indicated horse-power. Another engine 
slightly larger, working with coal which cost Rs. 14 a 
ton instead of Rs. 12-8-0, uses 0*044 lb. of coal per 
indicated ^orsc-power and the working expenses 
amount to 0*388 annas per indicated Jjorse-power per* 
hour. The tabular statement also “000111108 informa- 
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tion regarding engines of G50 h. p., of 150 h. p. t 
and 100 h. p., and from the figures given it will be 
seen that the smaller the engiue the higher the cost 
of power per unit. It is a matter of regret that no 
figures could be procured for any engine between 100 
h. p. T and 7 h. p., as these would be directly com- 
parable with those given in Table (\ for oil-engines. 
The figures relating to a small single cylinder porta- 
ble steam engine and boiler which was ascertained to 
develop on an average 7 b. h. p„ are interesting. 
The cost of running it amounts to l‘f>84 annas per, 
brake hor>e-power hour : that is to say the cost per 
unit of powfr is fth times as much as .in the case of 
the most efficient large steam engine. This engine is 
kept in good working order and may he regarded as a 
favourable specimen of its class and it is not improba- 
ble that there are a number of small steam engines of 
this kind working in the Presidency ]in which each 
« brake horse-power hour costs at least 5 annas. 

For comparison with figures obtained from small oil- 
engines and certrifugal pumps Table B. has been pre- 
pared from data kindly furnished by Mr. W. Hutton, 
the Sanitary Engineer to the Government of Madras. It 
may betaken that Municipal Water Works Pumping Sta- 
tions should represent a very high average of engineering 
efficiency and that results obtained with Worthington 
Compound and Triple Expansion Condensing Engines 
and Pumps should be good as can be got wj*h steam as 
fcource of motive power for lifting water. In the tabular 
statement the cost -per indicated horse-power per hour 
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has been estimated from the other data on assumptions 
as to the efficiency of the pumps and engines combined, 
but the figures relating to the cost of lifting one acre- 
foot one foot are actual results based upon the working 
expenses of the pumping stations to which has been 
added a suitable amount for interest .and depreciation. 
Excepting the large pumping station at Triehinopoly 
the cost per unit varies between and (> annas and 
is slightly more than the cost at which we work the 
small irrigation pumping stal ions which have a suffici- 
ent supply of water to keep the engines and pumps 
running for an average of at least 10 hours a day. 
That is to say, the oil-engine and pump can hold their 
own in this part of the world again. 4 the most advanc- 
ed practice in steam pumping on a considerably 
larger scale of operation. 

There has been a great development in the use of 
internal combustion engines during the last few } r ears 
cn account of the reputation they have gained not only 
for economy but for ease and convenience in working. In 
oil-engines, either kerosine oil or liquid fuel, may be 
used, but the former costs about three times as much 
as the latter and should only be used in small engines 
where convenience of running is important and where 
extreme economy in working expenses is not essential. 
Liquid fuel has a somewhat higher specific gravity than 
kerosine oil and bulk for bulk the same amount of 
power is obtained, but an oil-engine set for^. running 
with liquid fuel can only be counted upon to generate 
about 85 per cent /of the power it will develop when 
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kerosine oil is used. For industrial purposes only 
engines capable of working with liquid fuel need be 
taken into consideration and of these there are two 
types : — 

(1) The Diesel engine which stands in a class 

by itself', and 

(2) Such engines as the Hornsby Cheap Fuel 

engine, the National Oil engine and the 

Cross! ey engine. 

The Diesel engine generates power with a smaller 
consumption of fuel than any other engine which has 
yet been invented, but its initial cost is somewhat high 
and it is too complicated an engine for very small 
powers. Roughly it uses from one-lmlflo two-thirds 
the quantity of liquid fuel required by other types of 
oil-engine ; on the other hand, it requires much more 
skilful supervision and the interest charges are nearly 
double. 

^ In the tabular statement C. particulars are given 
of the working of a Diesel engine of 225 h. p. develop- 
ing an average brake horse-power of 198. The fuel 
used amounted to 0*471b. per brake horse-power 
and the cost was 2 annas a gallon. A gallon 
of the fuel weighs 9*4 lb. so that the cost of fuel per 
brake horse-power amounted to exactly one-tenth of 
one anna as compared with O’ 178 anna, the cost of the 
coal used in Engine No. 1, Table A. The actual cost 
of working per brake horse-power of the Diesel engine 
is ,given as 0*352 anna as compared with 0*305 anna 
per indicated horse-power, so that we may take it that 
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a Diesel engine developing not more than 200 b. h. p. 
is nearly as economical as a triple expansion steam 
engine of 1,500 h. p. Tt should moreover be remem- 
bered that in calculating the cost of working the Diesel 
engine depreciation had been allowed at the rate of 
per cent, per annum. It is doubtful whether so high 
a depreciation is necessary, also as to whether in an 
average year repairs and renewals will amount to as 
much as Rs. 1 ,500. 

Taking as a base for calculations 300 working hours 
per month and liquid fuel costing As 3 per gallon, it 
may he assumed that the fuel eon sumption in the two 
engines is in the ratio of 2 to 3. Then the total cost of 
running each engine is made up of the following items. 

(1) Interest and depreciation. 

(2) Repairs and renewals, 

(3) Cost of fuel. 

(4) Cost of stores. 

t (5) Cost of labour and supervision. 

For both engines the first item is taken at 12^ per 
eent. on the capital outlay, the second at 4J per cent, 
and for the fourth it has been assumed that the cost 
of stores and lubricating oil is the same for both engines 
and proportional to the brake horse-power developed. 
Under these conditions the running costs of both types 
of engine are the same when 80 b. h. p % . is developed. 
In actual practice where so much as 80 horse-power is 
in use there will generally he available without extra 
costjihe skill and experience necessary to supervise 
the running of a DidkeJ engine and this will material- 
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]y reduce the economical limit for the employment of 
of Diesel engines. 

Taking all the factors into consideration, one is 
justified in stating that for generating power, a Diesel 
engine supplied with liquid fuel at Rs. 30 a ton is on 
a par with the most economical steam engine which 
has so far been fitted up in this Presidency and which 
burns coal in its boilers costing Rs. 12-8-0 a ton. The 
Diesel engine is however a motor which requires a 
fairly skilled mechanic to look after it and it will pro- 
bably be not unfair to the Diesel engine to say that 
for any size of engine the cost of labour and superin- 
tendence will not be less than Rs. JMK) a year. On 
the other hand, engines of the Hornsby type are often 
•placed in the charge of drivers who do not get more 
than Rs. 15 a month and in some cases only half that 
sum, so that although these engines use 5() per cent, 
to 100 per cent, more liquid fuel per brake horse- 
power, yet they are more economical as the saving of 
labour and interest charges more than counterbalances- 
the cost- of the fuel. The larger the quantity of power 
generated the more important becomes the saving in 
the cost of fuel and there is some rate of power genera- 
tion at which the cost is the same for both the Diesel 
and the Hornsby engines. # J3elow that point the 
Hornsby is cheaper, above that point the Diesel is the 
more economical ^notor. 

In the tabular statement C. particulars of the run- 
ning of two small oil-engines are given — one of 8 ^nd 
the other of 6-i h. p., which show that the cost is ap- 
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proximately one anna per brake horse-power hour for 
small engines of this type when liquid fuel at 2 annas 
a gallon is available. 

A very cheap source of motive power for medium 
sized units is the gas-engine and suction gas producer 
combined. This method of generating power is only 
just coming into use in Madras and I am unable to 
present any accurate figures regarding the cost of work- 
ing. To my knowledge, so far, only .5 or (» plants have 
been established, one of which uses imported anthracite 
as fuel, one is worked with mixture of Bengal coke and 
charcoal, and the other plants have been run on 
locally manufactured charcoal. From observations 
made on an eiectric light plant I have ascertained 
that the consumption of fuel is about 2.1 lb. of char- 
coal per brake horse- power running at two-thirds the 
maximum load for only about 0 hours per day. With 
charcoal at Its. 22-8-0 a ton this is equivalent to 0‘4 
anna for fuel per brake horse-power hour. The cost 
of coal for a steam plant running alongside and under 
equally unfavourable conditions was about H times as 
much. 

Although I have had no opportunity to obtain 
accurate data regarding the ro«*t of miming suction 
gas producer pi an Is with charcoal as the fuel, Messrs. 
Massey & To., have carried out some interesting tests 
on a Ilornsby-Stoekport plant *>f 2k h. h. p. under 
my ■'iip -rvidon. The i-Tigiue wa- run on a water cool- 
ed Jira'-iC which wiir . «4 to a::- >r!> 2* h. h. )»., and two 
jests’ w*o*e made. In Uie Ur<\ tc*t the lire wa* kept 
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going in the generator for 48 hours and the engine 
was run for 7 hours one day and 8 hours the next. 
The total number of h. p. hours was 360 and the 
total consumption of charcoal 513 lb. equivalent to 
one b. h. p. for 1*12 lb. of charcoal. As it was 
known that some of the charcoal used was very damp 
a second trial was made lasting 24 hours with charcoal 
which had been specially dried. In this trial the 
engine ran for 8 hours and developed 192 b. h. p., 
hours with a fuel consumption including the stand-by 
losses in 10 hours of 208 lh. of charcoal, equivalent to 
1’39 lb. of charcoal per b. h.*p. The very slight 
difference in the two results was quite unexpected and 
it seems possible that damp charcoal is inbre efficient 
iff *the gas generator than dry charcoal. 

The manufacture of charcoal from wood is, in 
India, conducted in an extremely primitive manner 
and the development of tin.* method* of generating 
power will largely depend upon improvements in the* 
manufacture of the fuel. Roughly ."> tons of wood are 
sacrificed to make a ton of charcoal and all tile availa- 
ble bye-products are allowed to escape into the 
atmosphere. By charring wood in closed kilns and 
collecting the bye-products it ekmld be practicable to 
■‘Upjdy charcoal at R>. lo a ton. and at that price 
-.action /as producer plant- will prove as cheap if not 
cheaper source* of power than Ihcsel engines. 

Informal ion regarding the cost of generating 
»'ater-p< i wer in the of India is ^xSemely scanty 
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and it has only been made use of on at all a largo 
scale in three places : 

(1) At Sivasamudram on the Falls of the 

Cauvery where nearly 10,000 horse- 
power is now developed and transmit- 
ted to the Kolar Gold Fields, to 
Mysore and to Bangalore, 

(2) At the Kateri Falls which supply power 

for the Cordite Factory at Aruvankad, 

(3) Near Ambasamudrain where a Cotton 

Mill of considerable size has for many 
years been driven by water-power. 

In regard to the Cauvery power scheme which is 
now in the fifth year of its running the average price 
charged per horse-power delivered at Kolar lias been 
Rs. 321 per annum, and this is equivalent to 0*580 
anna per horse-power per hour, assuming that the 
power is available throughout, the whole year. As a 
matter of fact the power was not available throughout 
the whole year and it may be taken that the mines 
ha\ e paid hitherto at least 0*6 anna per hor>e-power 
per iiour. At the end of the fifth year they will only 
pay Us. 150 per hor>e- power which makes the cost of 
power practically 0*3 anna ]>er indicated horse-power 
per hoar. This is of course much cheaper than power 
could be generated by other means on the field, but it 
is very nearly as much as is paid in Madras for power 
developed by steam engines on a large scale. 

At the Kateri Falls the electric installation 
has been put down to supply power to the Cordite 
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Factory at Aruvankad, The cost of the installa- 
tion was 5j lakhs of rupees and the running 
expenses averaged Its. 2,300 a month. At the present 
time the turbines are only run for about 9 hours a day, 
but there is no reason why they should not run for at 
least 16 hours a day, and with but a slight increase in 
the staff it would be practicable to run them continu- 
ously. Under the circumstances the actual figures 
relating to the cost of running are misleading, and 
it is only practicable in furnish an approximate esti- 
mate of the cost of the power which could be delivered 
at the Cordite Factory. Allowing for loss in trans- 
mission and in tie* transformers, it seems probable 
that the Factory could be supplied with 10,000 horse- 
power hours per day or 300,000 per month. Ten per 
cent, for interest and depreciation on the capital out- 
lay amounts to U>. 1,350 a month and the running 
expenses to Ks. 2,300 a month, making a total of 
Rs. 6,650. This is equivalent to 0’35 anna per b.h.p* 
hour. With a comparatively small additional capital 
outlay the output of the generating station could be 
greatly increased and there is no question that, if the 
plant were worked under ordinary commercial condi- 
tions, the result would be much more favourable. 

In all schemes for the utilisation of water-power 
by generating electricity and transmitting it to a 
distance, the cost of a brake horse-power is invariably 
made up| of two unequal items. The first is the 
running expenses which are generally small and the 
second is the interest on the capifa) outlay which is 
11 
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usually large. It is only under exceptional conditions 
that the full output of the plant can be utilised for 
more than 10 hours a day and even in the south of 
India where fuel is expensive, the conditions are usually 
unfavourable for making use of such supplies of water- 
power as actually exist. The enormous improvements 
which have been made in the efficiency of the various 
forms of internal combustion engine now on the 
market have rendered the utilisation of water-power a 
less urgent matter than seemed probable some years 
ago. A square mile of forest properly worked could 
be made to yield 300 tons of charcoal per annum in 
perpetuity, and it is quite certain that this charcoal 
can be sold for power producing purposes at Its. 20 a 
ton, and each ton of charcoal would generate 1,500 
horse-power hours, that is to say, a square mile of 
forest would keep a 150 horse-power gas engine at 
work for 10 hours a day for 300 days in the year. The 
capital outlay involved will he about Its. 30,000 ; the 
total working expenses including interest, deprecia- 
tion and renewals will amount to about Rs. 1,100 a 
month, which is equivalent to 0*5 anna per horse- 
power per hour, which is about as good a result as can 
be obtained with a medium sized steam engine using 
coal at Rs. 12-8-0 a ton. 

Improvements in the methods of manufacturing 
charcoal, especially in the direction of recovering the 
bye-products, would undoubtedly reduce the cost very 
considerably. A great deal of interest has been excit- 
ed in the question of utilising water-power, but these 
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figures serve at least to indicate that in the forests of 
this Presidency it is possible to find stores of power of 
even greater economic importance, and it is probable 
that in this direction we shall find the best solution of 
the problem of providing for the promotion of indus- 
trial development. 



CHAPTER X. 


COST OF LIFTING WATER. 

Although the number of pumping stations now at 
work is fairly large it has been impossible to obtain 
figures relating to the cost of working except in the 
case of a very few r and these have not been worked 
under conditions which would yield the best results. 
The principal items which go to make up the cost of 
running a pumping station are : — 

(1) the cost of the fuel used in the engine which 

may be either kerosine oil, liquid fuel or 

a mixture of both ; 

(2) the cost of stores, including oil, w r aste and 

belting ; 

(3) the cost of labour employed in running the 

station ; 

(4) the cost of repairs to keep the plant in good 

working order : 

(5) charges on account of interest on the capital 

outlay. 

It will be convenient to make a few remarks under 
each of these heads : — < 

1. Liquid fuel is sold in Madras at 2 pnnas per 
gallon and for a pumping station we must include the 
transit charges whici* will bring up the cost to an aver- 
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age of 3 annas per gallon. In some cases it will be a 
little more and in others less. At present the price of 
liquid fuel in Madras does not fluctuate.* Kerosine oil 
can be obtained all over the Presidency at rates vary- 
ing from 5 to 8 annas a gallon depending upon the 
quality of the oil and the place in which it is sold. The 
upecific gravity of kerosine oil varies from 0*80 to 0*82, 
whilst the specific gravity of liquid fuel is between 0*94 
and 0*96 and for practical purposes we may assume that 
the same amount of power may be generated from 
equal volumes of the two liquids. The cost of fuel for 
generating power will therefore be from two to two and 
a half times as great when kerosine oil is used instead 
of liquid fuel. Large pumping stations c$n he worked 
anuch more economically than small ones as, not only 
are capital outlay and labour charges per unit less, but 
the engines and pumps are more efficient. 

2. Pennies fuel for running the engine, certain 
stores are necessary, including kerohlne oil, for the 
vaporiser lamp, lubricating oil for the piston and bear- 
ings, cotton waste and belting. The total amount ex- 
pended on these items depends very much upon the 
way in which the driver does his work. As a general 
rule lubricating oil is shamefully wasted and belting 
from sheer neglect has scarcely ever half the life it 
ought to have. For the lubrication of the piston it is 
better to use a hi£h class mineral oil but for the bear- 
ings castor oil may well be employed. 

* This iB no longer true. The prioe of liquid fuel in Madras 
is now 2f annas per gallon. 
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3. With large engines the cost of the driver’s 
wages does not form a very large percentage of thp 
total cost of running and it is therefore better to put 
the engine in charge of an experienced fitter and dri- 
ver. Such a man can he obtained for about Rs. 30 a 
month and should be quite competent to do all the 
work connected with keeping the engine in running 
order himself. With small engines it is necessary to 
employ cheaper men and wages may range from Rs. 7 
to Rs. lf> a month, but as yet it is probable that cheap 
labour has involved an increased outlay on repairs 
which has not been compensated for by the saviug in 
wages. 

4. When an oil-engine is well looked after the 
expenditure on repairs ought to he very small, hut un- 
fortunately. it has so far figured very unduly in the 
c )st of running most of the stations we have started. 
This has been partly due to bad drivers and partly due 
to the fact thrfi the engines were overloaded. Where 
'the conditions were more favourable the result has been 
very satisfactory and the bill for repairs almost nominal. 
The Vapouriser is the most vulnerable part and requires 
renewal from time to time. The cover at the back end 
is held on by studs and the practice of taking the 
cover off while the nuts are still hot generally results 
in the stripping of the threads and the necessity for 
new studs. Carelessness in denning the hole, through 
which the oil is sprayed into the cylinder, ends in 
making it too large for the purpose and neV spraying 
plates or nipples are required. The plates themselves 
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are of very little value but there is considerable diffi- 
culty in drilling the exceedingly fine hole necessary 
for the successful working of the engine and this makes 
them somewhat expensive. Properly treated, however, 
the nipples should last for several years. These are the 
only special points about the wear and tear of an oil- 
engine. For the rest it behaves like any other machine 
well and solidly constructed. The cylinder is liable 
to slight wear, brasses have to to be renewed from time 
to time and the pump plunger wear> at the gland if 
the packing is not carefully attended to. The main 
parts are not sulyect to wear and tear and o per cent, 
on the capital value of an engine and pump should be 
an ample allowance to keep them in per/ect working 
•order. 

Government are prepared to lend money 
under the Agricultural Improvement Loans Act at (i{ 
per cent., and in calculating the charges for interest 
and depreciation 1 have allowed 10 for cent. — 5 per 
cent, for interest and ~t per cent, for depreciation. If 
the amount, allowed fur depreciation he invested at 
per cent., it provides for the renewal of the engine at 
the end of 14l years. 

We may now frame an estimate of the cost of 
pumping water with oil-engints and pumps under what 
may be termed good working conditions. The instal- 
lation we will assume consists of a 74 h. p. oil-engine 
and a 4* pump and the maximum lift is feet. This 
plant w?U raise 18,000 gallons of water per hour and 
we will assume there is sufficient water available fof 12 



168 


LJFT-IRRIGAT10N. 


hours running per day. The engine and pump will 
oost in Madras Rs. 2,000 and an allowance of Ks. 1,000 
will cover other charges connected with the installation 
making the total cost Ks. 3,000. Ten per cent, for 
interest and depreciation will amount to Its. 300 per 
annum and 6 per cent, for maintenance and repairs to 
Its. 150 per annum, the two sums being equal to a 
daily charge of Ks. 1-4-0. The engine will use three- 
fourths of a gallon of liquid fuel per hour or C J gallons 
per day for which 3 annas per gallon may be allowed. 
The working expenses may therefore be tabulated as 
follows : — 

Per day. 

R8. A. I*. 

Fuel, 9 ^allonR at 3 annas a gallon ... 1 JJ 0 
Driver at Rs. l.‘» a month ... 0 SO 

Lamp and lubrcating oil, waste and 

stores ... ... ... O S 0 

Interest and depreciation 10 per cent . } ^ j ^ 

Maintenance and repairs per cent. ! 

making the total cost of working Rs. 3-15-0 per day. 
That is to say, if* we run the engine every day in the 
y^ar the daily cost will amount to Rs. 4, and obviously 
the daily cost will increase as the number of days in the 
year during which the engine is not worked increases. If 
the engine is run on every day in the year, the working 
expenses will be Rs. 1 ,460 and for every day on which no 
work is done a saving of Rs. 2 is effected, so that if the 
engine runs on 200 days in the year, the. daily cost of 
working will be as much as Rs, q-10-2. The quantity 
of water lifted per hour is 18,000 gallons 25 feet, 
equivalent to 72,000 cubic feet 1 foot or in thV* course 
of a' day to 864,000^^0 feet 1 foot. 
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Many years ago on the Saidapet Farm lengthy 
experiments on lifting water with cattle gave the cost 
of working as 4,000 cubic feet of water lifted 1 foot for 
1 anna. Rates are much higher now than they were 
then and it would certainly not be understating the 
case in favour of lifting water by means of cattle if we 
accept as the present cost 3,000 cubic feet lifted 1 
foot for 1 anna. Under the favourable circumstances 
we have detailed above, the engine and pump will lift 
13,500 cubic feet l foot for 1 anna, that is to say, the 
cost of working will he less than one-fourth the cost 
with ealtle-powev. If the engine worked on only 200 
days in the year 9,600 cubic feet would be lifted 1 foot 
for 1 anna and the cost of working would.be less than 
nne-third that with cattle-power. This method of sta- 
ting the cost of pumping is not a very convenient one 
and the more convenient unit might well be adopted in 
this country which has been adopted in America, viz., the 
quantity of water required to cover ait acre of land to 
a depth of oue foot. This is equal to 43,560 cubic fee'; 
or 272,250 gallons. An acre-foot of water lifted one 
foot is a convenient unit of work and on this basis the 
cost of lifting water per unit is As. 3-3 when the 
pump is worked on every day in the year and As. 4-6 
when it is only run on 200 days. These figures fairly 
represent what the cost of working should be and it 
will be interesting to compare them with the actual 
figures which have been obtained since these pumping 
experiments were first instituted. 

Melro&apumm , — This station # is fully described 
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in Bulletin No. 54 of the Department of Agriculture, 
Madras. The water-supply is drawn from the well by 
a 3-in. pump driven by a 34 h. p. engine. With regard 
to the cost of working the following are extracts from 
the Bulletin : — 

41 In 1903-1004 the pump was worked for 831 
hotu*s at a cost of Ks. 740-8-4. of which amount it 
should be observed that no less than Its. 300 is allowed 
for interest and depreciation. The cost per hour 
amounts to 14*38 annas and for that sum it may be 
approximately assumed that 1.440 cubic feet of water 
has been raised 25 feet. This is undoubtedly a very 
high rate. But it is mainly due to the very small 
number of h<?.urs during which the engine worked and 
the ve/y large number of times that it wa> .'(aided and. 
stopped. In all, the engine wa- started 33 1 times and 
th° average duration of each run was in consequence 
only 2J hours, so that the amount of fuel used in 
starting the engine was out of all proportion to the 
amount of work done. This unsatisfactory result, 
however, has a more pleasing aspect from the irriga- 
tors point of view as the small number of bom*., which 
it was necessary to run the pump was due to the fact 
that the season as a whole was an extremely favourable 
one and the assistance of the pump was only required 
to a very moderate extent. 

41 In 1904-1905 the condition* were materially 
different. The rainfall throughout the year was 
slight, the north-east monsoon was a 'complete 
failure and it was pecessary to withdraw from the well 
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all the water that could possibly be obtained. The 
engine was started 368 times and ran for 2,074 hours, 
giving an average of 3*65 hours for each run. The 
working expenses amounted to Rs. 1,088-1-10 equiva- 
lent to 8*39 annas per hour. Tltis is a very material 
reduction upon the figures for the previous year, but 
it is by no means satisfactory and it should yet be 
possible to materially reduce them. 

“ In 1903 — 1901 the consumption of oil amount- 
ed to 780 gallons or 0*943 gallons per hour. In 
1904 — 1903. 1,091 gallons of oil were required to run 
the engine 2074 hours, giving an average consump- 
tion of 0*813 gallons per hour. During the first year- 
practical ly nothing but kerosine oil was .used ; but in 
• •] 904-1903, 728 gallons of liquid fuel costing 3*13 
annas per gallon were mixed with 908 gallons of 
keiosine oil costing 0*7 annas per gallon. An oil- 
engine which develops 3i h.p. with kerosine oil can- 
not be reckoned to be of more than 5 h.p. with liquid 
fuel and it unfortunately happens that the pov*er 
required to drive the centrifugal pump at Melrosa- 
puram when the water is low in the well is fully 3i 
h. p., so that liquid fuel by itself cannot be used. If 
liquid fuel alone had been used, there would have been 
a saving ofRs. 213 in the co#t of fuel and the cost of 
working the engine per hour would have been reduced 
to 6*73 annas ” # 

Ji^l 903-1 90G the season was an extremely un- 
favourable one owing to the total failure of the north- 
east monsoon, and the yield of. water in July and 
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August, ] 905 fell to not more than about 20,000 
gallons per day. The engine was run for 944 hours 
on an average lift of 27 J feet and the working expenses 
amounted to Rs. 822-9-8 equal to As. 13-11 per hour 
made up as follows : — 

lvs. a. ?. 

Oil ... ... 305 0 8 

Driver’s wages ... ... 72 0 0 

Repairs ... ... 145 9 0 

Interest and depreciation \ 
at 124 per cent. 1 

Total ... 822 9 8 


From these figures the final result arrived at is* 
that in 1903-1904 the cost of lifting one acre-foot 
one foot was Rs. 1-1-5, in 1904-1905, As. 10-2 and in 
1905-1906, As 15-4. The conditions at Melrosapuram 
are such that the cost of pumping must necessarily 
always be extremely high. In the hot weather 
months, the supply of water is very limited and the 
engine seldom works more than 2 or 3 hours a day. 
It would be useless therefore to compare the cost of 
lifting water by the engine and pump, under these 
circumstances, with the •’cost of lifting it by cattle 
working at a uniform rate, hut it is quite certain that 
if cattle had to be employed at«Melfosapuram to do 
the work which was done by the engine and pump, 
the cost would be very much greater and quit? beyond 
the means of the settlement. 
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Agricultural College , Saidapet . — This installation 
consists of a h.p. engine and a 4" pump and was 
intended to work on a maximum lift of 25 feet. 
Unfortunately, owing to the unprecedently low rainfall 
and probably also to the effect of pumping from the 
river, the maximum lift in August, 1905. was over 30 
feet. In consequence, the engine worked very unsatis- 
factorily and finally an accident happened, due partly 
to the carelessness of the driver and partly to 
the fact that the engine was overloaded, which 
necessitated very expensive repairs. Under these 
circumstances good results could hardly be expected. 
The engine worked for 1,820 hours on 202 days 
and lifted 23,379,000 gallons of watef an average 
height of 24 feet. This is equivalent to 2,001 acre- 
feet lifted one foot. The total cost of running the 
engine, including repairs and interest and depreciat- 
ion, was Ks. 1,345-8-7 ecj.ua! to As. 10-0 per acre- 
foot. foot. Excluding repairs caused by the necessity 
of having to run the engine at a much higher lift than 
it was designed to work against, the total expenditure 
was Iis. 748 equivalent to As. 0-9 per acre-foot foot. 
This result was obtained using part of the time liquid 
fuel and part of the time, kerosine oil. 770 gallons of 
liquid fuel costing Ks. 103 and *000 gallons of kerosine 
oil costing Ks. 170-0-0 were used. If we exclude the 
abnormal repairs fhe result shows fairly what can be 
done wit£ oil-engines and pumps and justifies the 
claim that the cost of working is less than half the 
best result that can be obtained with cattle. 

t 
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M . R. Ry. S. Paaduranga Mmlaliar's Installation , 
Guddalore. — The water-supply is derived from two 
wells coupled together, at the bottom of which tubes 
have been sunk which tap a sub-artesian supply. From 
the figures furnished me by the owner I find that be 
ran the 34 h.p. engine for 915 hours and lifted 1,200 
cubic feet per hour an average height of 27 feet. The 
total working expenses amounted to Rs. 372-7-0 
equivalent to 64 annas per hour which gives the cost 
of lifting water at As. 8-10 per acre-foot foot. In the 
latter part of the year a 94 h.p. engine driving a 4" 
puinp was substituted for the smeller plant and the 
same ran for 040 hours lifting 3,000 cubic feet per 
hour an average height of 27 feet. The working 
expenses amounted to Rs. 178 or practically 12 annas 
per hour and the cost of lifting one acre-foot foot was 
As. G-G. This installation is entirely in the hands of 
a private owner and it will he difficult to \ery material- 
ly improve upon the final result. 

Pauamjxittn Pumping Station. — The accounts 
for this station are only available from August, 1905 to 
March, 1906, or for the 8 months during which time it 
was worked by Messrs. Parry Si ( V). The installation 
consists of a 9 h. p. engine and a 0" pump, lifting 
water from a large well, the lift varying at different 
seasons of the year from ajiout. 11 feet to ! 8 feet. 
During the 8 months the engine was worked 813 hours 
and lifted, 3,935,000 cubic feet of water ar average 
height of 13*37 feet. This is equivalent to 1,243 acre- 
feet lifted one foot. The working expenses amounted 
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to Its. 382 and the charges on accouut of interest 
depreciation Ks. 333. The cost of lifting one acre-foot 
one foot was therefore As. 9-3. The small number of 
hours the pump worked was mainly due to the unde- 
veloped state of the cultivation, hut also partly to the 
favourable rainfall during 4 months out of the 8. 

Kadhinipatii , — The plant here consists of a di- 
ll. p. engine and a l" pump drawing water from a well, 
partly fed by percolation from the surrounding strata, 
but mainly supplied with water from a small stream 
draining a valley on the western flanks of the Shevaroy 
Hills. The installation belongs to Government who 
have lent it to Mr. Andersen, a retired Danish Mis- 
sionary, who 1ms settled in that neighbourhood. The 
engine and pump worked on 272 days for 1,877 hours 
and lifted 5,400,000 cubic, feet of water to an 
average height of 20 feet. During the hot weather the 
supply of water ran very ^hort, whilst the monsoon 
mouths the ground wanted but little water. Th' 1 
work done by the pump was 2,486 acre-feet feet and 
the working expenses amounted to Rs. 739, together 
with ID. 375 charges for interest and depreciation. 
The cost of lifting water was therefore As. 7-2 per acre- 
foot foot. f 

Coimbalwe Jail . — The plant here, which was 
taken over from tl^e Public Works Department, consists 
of a Ruston Proctor Oil-engine driving a pair of plung- 
er pumps.wThe engine will not work with liquid fuel and 
the water is raised from a deep rectangular excavation 
in the rock, characteristic of wells jn the Coimbatore 
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district. 859,000 c. ft. of water were lifted to an average 
height of 62 feet in 1.630 hours. The working expens- 
es amounted to Ks. 727, and the interest and mainten- 
ance charges to Ks. 663, the capital outlay being 
Rs. 5,304. The work done was equal to 1,222 acre-feet 
feet and the total expenditure Rs. 1,390, making the 
cost of working Ks. 1-2-6 per unit. With so high a 
lift far more favourable result^ might have been ex- 
pected, but the quantity of water to be dealt with is 
limited and the installation is saddled not only with 
heavy interest charges, hut it is compelled to u>e 
kerosine oil, the cost of which amounted to IJs. 190 
The results obtained from these six pumping 
stations, which are all from which fairly accurate 
figures are procurable, are typical of the rest and illus- 
trate how much more expensive pumping water for 
irrigation actually works out than would he the case if 
the supply were inexhaustible and the demand contin- 
uous. It really matters little how these figures com- 
pare with the cost of lifting water by men or cattle. 
The oil-engine and pump do work which has never 
been attempted with cattle and utili.-e.-, to an extent 
absolutely unknown previously, the quantity of water 
available for irrigation. 



CHAPTER XL 


FLOW OF WATER IN SAND. 

A few inches, or at the utmost a few feet, below 
the surface of the sand, which fills the beds of most of 
our rivers, water will be found and below the line of 
saturation every cubic foot of sand contains two 
gallons of water or a little more. When we consider the 
aggregate area of all the river-beds and the depth of 
sand which they contain, it is evident that they 
constitute an enormous reservoir of water from which 
it is possible large quantities may he obtained, if only 
suitable methods for withdrawing the water from sand 
are employed. It i-i generally assumed that, when all 
visible flow of water has ceased down a river-bed, there 
is still a slow underground flow whiclf carries off to 
the sea a very large < j uantity of water which would be 
of great vain** if only it could he intercepted. 

The dry beds of Indian rivers have, however, 
received but little attention from Engineers, and it is 
only when the water-supply for a town has to be 
drawn from them that they have* evoked any interest. 
A cubit foot a second is equivalent to o-HhOOO gallons 
per day, and none # of the towns in the south of India 
which derive their water-supply from river beds require 
more than*! or 5 cubic feet per second, and it would 
see in that it there is any flow of wajer at all through 
the sand of an Indian river-bed, there should be no 
12 
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difficulty in obtaining this quantity of water. Yet, as 
a matter of fact, experience has shown that the wells 
have to be numerous or the intercepting galleries of very 
considerable extent, and that at times the quantity of 
water flowing into these strangely falls off. From most 
sandy rivers the ryots in the hot weather obtain water for 
irrigation by means of what are known as spring chan- 
nels, and the study of this ingenious method of 
irrigation, leads me to think that our ideas regarding 
the movement of water beneath the sand in our river- 
beds require revision. 

The spring channel is a ditch which is made to 
run up-stream at a slope considerably less than that of 
the river-bed. At first it runs through dry sand till it 
reaches the level at which the water is standing in the 
river. Thence onward its bed is below the water-level 
and water from the surrounding sand trickles into the 
channel and flows downward. At some point the water 
•In the channel begins t»» rise above the level of tlie 
water in the river, and thence onward, it flows back 
into the sand and would continue so to How, were it 
not that, after a time, the sand Incomes saturated with 
water and the flow from above passes onward, till final- 
ly, it reaches the river< bank through which it passes in 
an open cut. Now, if water flowed readily or even very 
slowly through sand, so great is the length of these 
spring channels that it is certain the water which drain- 
ed into the upper section of the channel wbuld disap- 
pear by percolation in the lower section ; but, as a 
matter of fact, it does not do so. Water can only flow 
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in sand when the hydraulic gradient of the water sur- 
face is sufficient to overcome the resistance to the flow 
of water offered by the sand. The surface fall of most 
South Indian rivers is below 15 feet a mile or roughly 
one in three hundred and is frequently less than 5 feet 
a mile or one in a thousand. If water flowed through 
the sand it would rise to the surface in the lower 
reaches of the river, but this it does not do. Prac- 
tically everywhere the water is about the same 
average depth below the surface of the sand and lies 
exposed where the sand is below the level of the water 
plane. The upper reach of a spring channel is continu- 
ally pouring water into the lower reach, and when the 
sand in the neighbourhood of that cutting has received 
a certain amount of water, it can take no more and the 
whole supply can be passed into the channel through 
the bank, ('ross sections taken on the Palar river 
have verified this completely. Where Uie spring chan- 
nel was in deep cutting and water was percolating int^ 
the channel, the slope of the water to the level in the 
channel was 1 in 250. Similarly in cross sections lower 
down where the water-level in the channel was above that 
ofthe river, the slope was about 1 in 250 away from the 
channel. That is to say, the wijjfcer in the lower half of 
the spring channel is carried upon an embankment 
and this embankment is formed, because, when the 
slopes reach a gradient 1 in 250, the water is unable 
to move through the sand. This, I think, may be 
taken therefore as conclusive evidence that water does 
not move down the sandy beds of rivers unless the 
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slope of the sand is greater than that of the hydraulic 
gradient necessary to make the water move. The- 
question will then be asked what becomes of that 
quantity of water which undoubtedly is disposed of in 
someway or other in the river-beds during the hot 
weather when visible flow ceases. As an example we 
may take the Cauvery, down tlie bed of which we have 
certain evidence that a considerable quantity of water 
passes, since it comes under observation at the FMwer 
Station at Sivasamudram. Some of this water is 
evaporated from the sand, some of it is drawn off by 
spring channels but the bulk of it probably passes down 
the river from pool to pool. 

Generally in the deep bed of a river there are a 
series of pools in which the water is apparently standing. 
Each pool is a level sheet of water and between succes- 
sive pools there is often a considerable fall. Where 
the slope exceeds the hydraulic gradient at which water 
vill move in sand, there must he a flow from the 
upper pool to the lower pool. In this way unquestion- 
ably large quantities of water may be passed down a 
river in the hot weather. The moving water i> con- 
fined to the pools and to little cascades in the sand 
which separates pool from pool. The great bulk of the 
water stored in the sand remains motionless and it can 
only be drawn upon by creating artificial hydraulic 
gradients sufficiently steep to cause the water to move. 
This is done whenevei a well is sunk in the, river and 
water baled out of it, or < when an intercepting 
gallery is placed dt some considerable depth below the 
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water-level in the river from which the water is lifted 
by means of pumps. 

Accepting the fact that water does not move down 
a river-bed except in the way described, it becomes 
possible to determine with a fair approach to accuracy 
the quantity of water available at any one point, assum J 
ing that it is not supplemented by drainage from 
visible pools. If a well be sunk into the sand of the 
river-bed and the water-level lowered by pumping, a 
cone-shaped mass of sand will be drained of water, the 
vertical axis of which will be the well, round which the 
cone will be described by the revolution of a line inclin- 
ed at the limiting hydraulic gradient at which the 
water will Mow in the sand. If the well* he of small 
diameter the real vertex of the cone will be consider- 
ably above the level to which the water will be reduced 
by pumping, owing to the hydraulic gradient being 
steeper in the neighbourhood of the wed. This is due 
to the greater pressure necessary to cause the water to 
move through tlie gradually decreasing area of sand 
round the well. It will be convenient to give one or 
two examples to show the quantity of water which can 
be obtained from a river-bed under what may be consi- 
dered average conditions : 

(1) Suppose a well is sunk in a river-bed and 
arrangements made so that the vertex of the cone of 
depression is 10 feet below the static water-level in 
the sand. J*hen assuming that the hydraulic gradient 
is 1 in 250, the cone of depression will intersect tha 
water surface in an ellipse and the 'volume of sand 
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involved will be 52 million cubic feet and the water* 
content about 100 million gallons or sufficient to 
supply a cubic foot per second for over six months. 
When pumping first commences the inflow to the well 
will be rapid, as the hydraulic gradients artificially set 
up in the sand outside the well will be steep, but as 
the volume of sand becomes drained of water, the gra- 
dients will become flatter and the flow slower, and ul- 
timately it will cease when the limiting gradient is 
reached. It should be remembered that, for the full 
development of the cone of depression, the bed of sand 
must be 5,000 feet wide or approximately a mile. 

(2) If, instead of sinking the well in the middle 
of the river-tied, a culvert or intercepting drain were 
run across it at right angles, the volume of sand 
which could ultimately be drained of water would not 
be greatly different as, instead of th^ cone, we should 
have an inverted triangular prism, the volume, which 
on the same assumptions would be 83 million cubic 
1'eet, yielding about 170 million gallons of water, 
that is to say, the enormously great expenditure 
entailed by the construction of tbe culvert would not 
produce twice as much water, but it would very mate- 
rially affect the rate at which the water could be drain- 
ed from the sand. 

These two examples show that there is no neces- 
sity for the water in the sand to be moving to account 
for the large quantities which we can withdraw and 
Dibich we actually do withdraw for the water-supply 
of towns like Ma(*ura, Trichinopoly and Conjeeveram. 
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It should also not be forgotten that the rain which 
falls on a sandy river-bed is all absorbed by the 
sand and the major portion of it becomes at once avail- 
able. 

So far as T know, experiments have not been made 
to determine whether there is any loss of the under- 
ground water by evaporation from a sandy bed. If 
there is any at all, it is probably very small and not 
comparable with the lost* of water from an exposed 
surface. 

It is unfortunate that we must accept the conclu- 
sion that there is no subterranean flow of water in sand, 
as it necessarily reduce* enormously the volume of 
water which can be obtained at any one*given point. 
•It is well, however, that we should have clear ideas on 
the subject and that our attention should be drawn to 
very large volumes of water which are actually availa- 
ble and which can be made use of, if only satisfactory 
methods are devised for separating thf water from the 
sand. For the water-supply of towns the question pre- 
sents no difficulty, as money can be found for the neces- 
sary works, but if the water is to be used for irrigation it 
is quite a different matter. A cubic foot per second will 
irrigate from 1 00 to 1 50 acres of garden crop, and at 
the most the cultivators will tfot be able to pay, under 
favourable conditions, more than about Rs. 5,000 a year 
for the same, ancJ of this sum a considerable amount — 
probably half — will be absorbed by the pumping 
expenses so that not more than Rs. 2,500 will be 
available to meet the interest charges and upkeep of 
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the infiltration works. This is not a large sum when one 
considers that as a rule the works will have to be 
constructed to resist the action of heavy floods and 
must therefore be of a permanent and very substantial 
character. 

One very important result arises from the deter- 
mination of the fact that water does not flow beneath 
the. sand of the river-bed. If we know the minimum 
hydraulic gradient at which water will flow in the sand, 
then it becomes an extremely simple matter to deter- 
mine the areas from which water has been drawn by 
spring channels, wells or intercepting culverts in the 
|>ast, and new works can be designed for the with- 
drawal of further (juantities of water from rivers with- 
out interfering in any way with the existing water* 
rights. Obviously, since the water does not flow down 
the river, new pumping stations may be erected above 
those already in existence without interfering with 
their supply, provided that care is taken to place them 
sufficiently far apart, so that the areas affected by the 
depression in the water-level at the pumping stations 
do not overlap. This of course must he modified to 
some extent by the fact that these areas will in some 
instances get their water-supply partially or wholly 
replenished by the watei^ travelling down the deep bed 
of the river from pool to pool. 
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WELL-BORING- 

When the construction of a well is undertaken 
there is almost always some uncertainty regarding the 
volume of the water-supply that will he obtained. This 
is due to the fact that what lies below the surface of 
the ground ih always more or less a matter of conjecture. 
In some cases our knowledge of the subsoil is sufficient 
to render the risks of well-sinking of no practical 
importance, but in the majority of cases it is other- 
wise, and a preliminary examination of the ground, if 
it can he made at comparatively small expense, is of 
■distinct advantage. This can be done by boring or 
jumping a hole of small diameter to such depth as is 
necessary with the aid of specially constructed tools. 
The material removed from the hole affords informa- 
tion as to the nature of the strata through which the 
well will pass, and this information studied in tly 
light of the experience which has accumulated from 
the sinking of many thousands of wells, enables us to 
form a fairly accurate idea as to the quantity of the 
water likely to be obtained. Where the subsoil is soft 
or sandy, the hole must be provided with an iron liner 
to prevent it from filling up as fast as it is made, but 
where the hole is in stiff clay or rock, the boring work 
can be done without any such artificial support . 

Jn a^rief note it is impossible to describe in 
detail the tools employed, but it is not difficult to 
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explain the principle upon which they work. Just a> 
a hole is bored in wood by means of an auger or bit, 
so through the soft strata of alluvial deposits holes can 
be driven by similar tools of much larger dimensions. 
As the auger consists of a handle, a shank and the 
cutting edge, so the boring tools are similarly con- 
structed. Various types of auger head are used and 
these can be screwed to steel rods which are usually 
10 feet long, and as many as are uecessaryare employed 
to reach from the surface of the ground to the bottom 
of the bore hole. At the top there is a swivel head 
by which the rods can be lifted and the handle of the 
auger is formed by clamping iron levers to the boring 
rod at a convenient height above the ground, so that 
men by walking round in a circle "an rotate the auger 
When the material to be bored through is fairly stiff, 
the auger takes the form of a worm or an open shell, 
and from time to time it lias to be lifted from the hole 
to remove the o'ay which has gradually worked into 
it. When the soil is of a loose character the auger 
has to he fitted with a shell above to hold the 
material removed by the cutting edge, otherwise it 
will fall back into the hole whilst lifting the auger 
to clean it. These shell augers are fitted with 
various shapes of cutting edges depending upon the 
nature of the material to be removed, which may 
vary from fine sand to soft sandstone. When hard 
rock has to be pierced rotary tools worked by hand 
are not effective, as the speed of working is* too slow 
aUd recourse must be had to the percussive action of 
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vanuusjy hiiapeu chisels for the breaking of the rock. 
The chisel is attached to the boring rods and a heavy 
blow is given by lifting them a few inches and allow- 
ing them to drop. Care must be taken to slowly 
turn the boring rods so that each blow of the chisel 
falls on a different diameter in the borehole. When 
the chisel has pulverized a sufficient quantity of rock, it 
is withdrawn from the hole and a plain shell lowered 
which collects the inud when it is rapidly jerked up 
and down in the water at the bottom of the hole. To 
work a set of boring tools it is necessary to have a 
derrick which may he conveniently made of 4 casuarina 
poles about 25 feet long. At the top of the derrick is 
fastened a pulley over which the lifting* rope passes 
% from the swivel head to the winch. This latter may be 
attached to two legs of the derrick and should have a 
lifting capacity of at least 2 tons. Besides the chisels 
and augers there is a great variety of tools which can be 
attached to the boring rods, most of which are ingenious 
devices for removing broken tools from the hole. * 
As the hole proceeds through soft material, lining 
tubes must descend with it and this is usually effected 
by rotating them, their own weight being sufficient to 
make them descend. If the pipes stick badly a suitable 
cap must be placed on the toj5 and the methods com- 
monly employed in pile driving resorted to. If the lining 
tube has to pass through a layer of stiff clay, the work is 
often faqjjitated by rymeriug the hole bored out by the 
auger to a larger size. If it is not intended to bore 
holes to a greater depth than 50 feet, a set of tools. 
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working in a 3-inch liner, will be a convenient size to 
employ ; but if the holes are to run to a depth of 100 
feet or more, the diameter of the lining tube should be 
at least 4 inches. Where it is known that artesian or 
sub-artesiau water exists it is necessary to use pipes 
of much large diameter if it is desired to obtain an 
abundant supply of water. 

Well-boring has been developed in the French 
territory of Pondicherry much more extensively than 
in any part of the Madras Presidency, and it is possible 
to procure sets of boring tools from the blacksmiths in 
Pondicherry at very reasonable rates. They do not 
however, supply the tools necessary for withdrawing the 
lining pipes nd the sets are therefore not convenient 
for exploratory work, as in such work the lining tubes 
are usually removed from the holes as soon as the 
necessary information 1ms been obtained. Messrs. Burn 
and Co., of Howrah supply suitable sets of tools. A set 
with lining tubes to bore a hole to a depth of o() feet 
costs about Its. 700, delivered in Madras, whilst a 4- 
inch set of tools with lining pipes costs about 
Rs. 1,100. Considerable experience is required to 
make satisfactory use of a set of boring tools, and diffi- 
culties and obstructions frequently occur which can 
only be dealt with by men accustomed to such work. 
In boring, the tools are subjected to rough usage and 
repairs are frequently found necessary. It is there- 
fore desirable to have a fair number of duplicate parts 
so that the work of boring need not be stopped while 
repairs are being effected. 
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The cost of boring varies considerably, depending 
not only upon the diameter of the borehole and ita 
depth, but also upon the character of the soils or rocks 
pierced. In the alluvial deposits along the coast in 
the Chingleput District where some 400 boreholes 
have been put down, the average cost for a 3-inch 
borehole is about 4 annas a foot up to a depth of 20 
feet, thence on to 40 feet it costs G annas a foot and 
beyond that up to GO feet, 12 annas a feet ; from GO to 
70 feet the cost is Ue. 1 a foot and from 70 to 80 feet, 
Its. 1 - 1-0 a foot. Iteyonrt this depth only a few boring 
have been made and the cost of the work done has varied 
considerably. These rates it should be pointed out do 
not include the cost of carrying the tools friin one place 
to another. This is a small item when many holes are 
to be put down in one neighbourhood but becomes of 
importance when the tools have to be carried a long 
distance to bore a single hole. 

The principal sources from whidh subterranean 
water can be derived are beds of sand, and rock wliicll 
is highly fisMired or partially decomposed. V>y putting 
down a borehole information on these points can be 
obtained and the exact depth at which the water-bearing 
strata is met with can be easily determined or its ab- 
sence definitely ascertained. Sometimes in fissures the 
water exists under pressure and a borehole from the 
bottom of an existing well tapping a fissure will often 
delher considerable quantities of water into the well 
from whicL it can be removed either by baling or by 
pumping. Along certain parts of tliejCoast, beds of sand 
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are found enclosed between impervious beds of clay. 
►Some of these are of considerable extent and thickness 
and they contain water under pressure. Boreholes pene- 
trating the upper impervious layer enable the water to 
rise to its static level and, when this is above the ground, 
flow takes place and the supply is termed artesian. 
More frequently the static level is below ground level 
and the water can only be obtained by sinking a well 
round the borehole to a few feet below the static level. 
Water will then flow into the well and can be removed 
by baling or pumping. Tf the borehole is made suffici- 
ently large a suction pipe or pump may be put down the 
hole and the water drawn off by lowering the static 
level iri the borehole itself. Ordinarily, however, bor- 
ings do not penetrate artesian basins, and the character 
of the water-supply likely to be derived from sinking a 
well must be determined by an examination of the 
materials through which the borehole has passed. Grav- 
els usually yield water most ahundanlly, ffmn coarse 
sand and lastly fine sand. When the sand is coarse, or 
the water supply is derived from gravel, a well of small 
diameter will generally yield a large quantity of water, 
but when the sand is very fine, a well of large diameter 
is required to obtain a large supply of water and that 
again is only possible when the bed of sand is of consid- 
erable thickness. When the borehole has passed 
through rock and the chisels have to be used, no very 
definite information can be gained from an examination 
of the material brought, out Af the borehole, but by 
.putting a tube well pump down the borehole, and ex- 
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hausting the water we can ascertain the rate of the 
inflow from the surrounding rock into the borehole 
‘ under a given pressure. Apart from fissures this enables 
a rough estimate to be formed as to the water-yielding 
capacity of the rock. 

The experience so far gained in the south of India 
is undoubtedly to the effect that large supplies of water 
are generally only to be obtained from beds of sand or 
gravel but occasionally wells in fissured rock yield an 
abundant supply of water, whilst percolation wells in 
porous or decomposed rock seldom yield more than 
moderate quantities of water. That is to say, they may 
yield 3000 or 4000 gallons of water per hour, hut not 
% 1 0,000 or 12,000. So far the largest supply of water 
derived from any single well in the south of India is 

15.000 gallons per hour. This is not however the 
limit of the capacity of the well but that of the pump 
working <>ti it. During the last year or g two, oil-engines 
and pumps have been installed in many places to lift 
water for irrigation and the size most commonly em- 
ployed is a 4" pump which will deliver sufficient water 
for from 20 to 25 acres. This is equivalent to from 

18.000 to 20,000 gallons of water per hour, and al- 
though there are few indigenous wells which will yield 
this ri'pply, it has not been found difficult to obtain it 
from wells sunkufter a preliminary investigation of the 
ground lias been made by the use of boring tools. There 
is undoubtedly a vast amount of subterranean water 
which has never yet been made use of and to locate it 
definitely boring tools must be x^sefl. 



CHAPTER XIII. 


STEAM PUMPS IN THE KISTNA DELTA. 

In 1892, when the experiments which form the 
subject of this paper were started, the area under the 
Kistna Delta irrigation project had reached the limit 
contemplated in the completion estimates, and there 
still remained an enormous sirea of land commanded by 
the canals, for the irrigation of which it was thought 
that no certain supply of water could he obtained from 
the Kistna. Most of this land is waste and without 
water is valueless ; but with irrigation it. is capable of 
yielding valuable* paddy crops. It therefore, became 
desirable to examine other possible source^ of water- 
supply, to ascertain if it was feasible to make use of any 
of them, either t? supplement the flow into the canals 
when the river was low. or for the irrigation of small 
areas independently of the great delta system. The 
first step in 'this direction was to suggest that the 
waters of .the river Uppnteru, which forms the outlet 
for the drainage passing into Colair LUke and which 
separates the Godavarff^om the Kistna delta, might 
be utilized for the irrigation of the tract of low- 
lying flat country which extends for spiral miles from 
the left bank between the villages of Kondangi 
and Pedal an ka. The river is tidal, with a ris^ and fall 
of ’about 3 feet, and levels subsequently taken showed 
that the whole of ttiis plain was from 1 to 3 feet 
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above high tide level and tliat to irrigate it would not 
entail lifting the water an average of more than G feet. 
.The scheme was investigated anil pro|K>sal& submitted 
for carrying it out ; but, as the project was a novel 
one and there were no reliable data on which to form 
an estimate of the quantity of water which it would be 
necessary to pump, it was suggested that an experiment 
should first be made to determine the suitablity of the 
land for cultivation, and of the water for irriga- 
tion, also to obtain information as to the duty which 
might he expected from the water. A tidal lock 
ywas then under construction at kakshimapuram 
to connect the IVwtumilly canal with the river 
Upputeru, and as the foundations were* completed, 
there was available close at hand a 1 h. p. (nominal) 
portable enginp with which the experiment could be 
made. After some delay an estimate was sanctioned. 
The site selected for the experimental cultivation was 
near the village of Mattagunta, where two ryots were a 
found with sufficient enterprise to construct the neces- 
sary earthworks, provided they were allowed to culti- 
vate 150 acres and were charged no water-rate. An 
8-inch centrifugal pump was procured, and before 
finally fixing it in position it was temporarily set up at 
bikshimapnram for the purpose of measuring the 
quantity of water which it would discharge. A long, 
straight trench, of tfhiform width, had been dug on 
the site of^he future approach channel to the lock, 
and after the sides had been carefully sectioned and* 
gauges fixed at each end, it was suitable for measuring 
13 
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the water coming from the pump. The experiments 
were made by pumping for a certain number of 
minutes, noting the boiler pressure, which was kept 
constant, the height the water was lifted, and the rise 
of the water level on the gauges in the trench ; then, 
from the dimensions of the trench, tlie number of 
cubic feet of water delivered per second could be calcu- 
lated. 

Table 1. is a summary of the results. 

Taiile. 1. 


— 

J:. 

11. 



in. 1 

_r:j 

V. 

Speed of engine * 
revolutions - [ ... 

75 

74 

r.4 

<S2 

/ Not 
( taken. 

per minute 






Speed of pump 

... 

375 

370 

320 

41U | 

I 

J 

Boiler pressure 




:«Wi 


52 

lb. per square 


57 

52 

;i2 

inch 







Lift of water in 
feet 

... 

fr<)3 

>03 

4*70 

567 ! 

6*02 

Volume pump- 
ed in cubic feet 

[... 

3,30(1 

i2,268 

i 

3,237 

' 3,870 j 

572 

Duration of 1 
run in minutes j *** 

20 

i 

! i:» 

30 

23 ! 

5 

Discharge in 
cubic feet per 


i 

275 

2*52 1 






m 

2 58 1 

1-900 

second 


1 

i : 

t 


1 

1 



Subsequently at Mattagunta the engine was worked 
with a boiler pressure of 45%. per square inch, and as 
the average lift did not exceed 5 feet it inay be assumed 
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without any great amount of error that the discharge of 
the pump was about 2*0 cubic feet per second. As soon 
as these trials were completed, the engine and pump 
were taken to Mattaguuta and pumping was started' on 
the 21st July and carried on whenever water was wanted 
till the 10th of October, after which date there was very 
heavy rain and the river rose and Hooded the area 
under cultivation to a depth of aboot 2 feet, which 
rendered any further ] jumping unnecessary. In Table 
II. is given a summary of the season’s work. 

Tamms II. 


Month. 


July 21-31 


Total number 
of hours 
of pumping 


| Average die- Duty of water 
charge of pump in acres 
j in cubic feet fier cubic foot 
| per second. per second. 


13(K> | 0*99 


120 %) 



( 1-10... 

44-5 ; 

0*37 

August 

i 11-20... 

01-0 

0-70 


1 21-31 ... 

55 o ; 

0-42 


( MO... 

| 

1380 ; 

M5 

Sept. 

1 

1 

I 



1 11-20... 

940 1 

0 78 


{ 21-30 ... 

010 

0*51 

• 

October 1-10 ... 

804) 

0-87 





- 




33(H) 


103*0 


295-5 

1080 

159-5 


213*7 


185-5 


The area cultivated was carefully surveyed and 
found to he 1 24*34 acres, and after the crop was cut 
in Decemlfcr, it was weighed and the yield proved to be 
35 tons 874 lb. of thrashed paddy and 39 tops 1,8871b. 9 
of straw, and was valued at Hs. 1 v 85?5. This was ‘it 
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poor result and was mainly due to the late date of 
starting pumping, and to the fact that the ryots, who 
had never seen an engine or pump before, were every 
sceptical about the experiment and made no prepara- 
tions for cultivation till they had seen what the pump 
could do. 

Jt w r as therefore the end of August, before trans- 
planting was well in hand and by that time the seed- 
lings, many of which had been procured from seed- 
beds under the delta canals, were too old to produce 
good sturdy plants ; moreover, the land occupied had 
never been cultivated before and it is well pro'.ed by 
the experience on similar lamb under some of the 
delta channel* that the first crop is always the worst 
and that in each succeeding year it improves till a limit 
is reached depending on the natural fertility of the 
soil and the amount of manure used. The experi- 
ment, therefore, was inconclusive, the conditions under 
which it was carried out were distinctly unfavourable, 
and the character of the season so unusual that no data 
of any value were obtained as to the quantity of water 
required for irrigation. The ryots, however, were very 
pleased with the result, and as it w r as desirable that 
the experiment shonl 1 he repeated the following arrange- 
ments were made with them. That the experiment 
should be again made next year on a much larger area 
and that all the expenses connected with it should be 
borne by Government, but that the ryots should pay 
, water-rate and land-cess for the area they cultivated as 
they would have done had the water been supplied from 



STEAM TUMPS IN THE KISTN*A DELTA. 


197 


the delta channels. Accordingly, in 1893, a 12 h.p. 
portable engine, as well as the 4 h.p. portable engine 
used in the previous year, were to have been sent down 
from the Bezwada Workshops at soon as the canals 
opened in June, but unfortunately, owing to pressure 
•of work in the shops, the engines were not delivered 
till the end of the month and much valuable time 
was lost. The 4 h.p. engine was replaced in 
its old position and was arranged to drive one 
8-inch centrifugal pump whilst the 12 h.p. engine 
jWas fitted up with two large pulleys, one on each 
side, to drive two 8-inch pumps, which were 
the largest size available. The pumps were mounted 
stout, wooden frames, placed across inlet trenches 
from the river. As the lift was small, no delivery 
pipes were used, but on the top flanges of the pumps 
a wooden casing was bolted which carried the water 
into the channel, and, whilst preventing any spill, 
offered no resistance to the free flow of the water 
Pumping was started on the 3rd of July, but the 12 
h p. engine soon gave trouble ; and as the men 
left in charge of it could not get it to work satis- 
factorily for any length of time, a 10 b. p. engine 
which was standing in the shops ^it Bezwada was hasti- 
ly got ready and sent down to replace the 12 h. p. 
-engine. It was, however, the 10th of August, before 
the new engine started work, and as there had also 
been some*ielay in the supply of coal for the smaller 
engine, progress with the experiment had so far been 
unsatisfactory ; but afterwards everything went on well 
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and pumping was carried on day and night till the* 
transplanting was completed. From June, till the end 
of August, the rainfall was very much below the average 
and though the area cultivated was much smaller than- 
would have been the case if the weather had been more 
favourable, still the fact that the cultivation was 
almost entirely due to the water supplied by the 
pumps, makes the results obtained more trustworthy 
and the data with regard to the supply of water more 
valuable than would have been the case if there had 


been even an average rainfall. In Table III. is given a 
summary of the season’s work. 

Taule III. 


Month. 

N umber of hours 
engines were at 
work, i 

4H.r.\lOH. p.; 

Average 
discharge 
of pumps 
in cubic 
feet per 
second. 

, Duty of' 
Rainfall; water in 
in : acres per 
inches.! cubic foot 
‘per second 


1-10.. 

— 

101 

10 

2 10 

I 040 

390-9 

Vfuly. - 

11-20. . 

159 

95 

6 f»l 

1 20 

124 2 


21-31.. 

182 

217 

1098 

1*80 

74-8 


MO.. 

105 

124 

6-91 

020 

1188 

Aug. 

11-20.. 

217 

211 

12*41 

090 

66-1 


L 21-31.. 

146 

176 

8 88 

2 37 

92 4 


MO.. 

17 

32 

161 

363 

509-8 

Sept. • 

11-20.. 

13 

19 

100 

: 264 

820*8 


21-30. . 

47 

68 

3 62 

1 

226-7 


mo.. 

100 

182 

9 25 


88-7 

Out. - 

11-20.. 


40 

1*C6 

, 3-50 

492 a 


21-30.. 

56 

53 

286 


287 0 


’ M0.. 

64 

67 

r 3-89 

! 5-»"> 

2110 

JIov. • 

11-20.. 

, , 

, . 


' 4-58 



21-30.. 

• . . 

52 

217 

» 

! •' 

378-2 
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Tbe area under cultivation was returned by the 
Kevenue authorities as 820*8 acres, assessed at 
Rs. 4,G24, which was more than sufficient to pay cost 
of pumping. The crop was cut in December and the 
yield on a number of fields was weighed so as to 
obtain an approximate estimate of its value. The 
fields were divided into four classes, according to the 
quality, and the results in each class are given in 
Table IV. 

Taijle IV. 


Class. 

Area of fields 
on which the 
crop was 
weighed 

Weight of 
thrashed 
paddy in 
lbs. | 

Yield per : 
acre in lbs. 1 


in acres. 

% 

i 

50-98 

I 88,538 

l,73G : 

ir .. 

57-40 

! 63,475 

1,106 ; 

.in • • 

5853 

| 48,147 

822 i 

IV .. 

49 20 

i 12,452 

253 


The crops on nearly all the land included in the 
lowest class suffered from the attack of a species of 
blight locally known as “ Kodu ” and said to only 
affect plants which have been transplanted late in the 
season. As a similar fate befell the crops irrigated by 
the Kistna and Godavari canals, it is evident that the 
blight, which only occasionally appears, is not due to 
the use of water from the river Upputeru. Excluding, 
then, the lands in class IV. and remembering that 
mobt ofJ.be land was under cultivation for the first 
time, the general result may be considered very fjir^ 
and for the lands under class I . extremely good. 
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It had been originally intended that the whole 
of the water pumped from the river should be passed 
over a rectangular notch with a sharp edge, the depth 
of the water on which would have been taken at 
regular intervals and the discharge calculated, but 
owing to the delay caused by the break-down of the 
12 h.p. engine, it became desirable to pump the water 
as fast as possible ; and as the notch required a clear 
overfall, which meant lifting the water at least one foot 
more than would be necessary if it were dispensed with, 
this method of determining the daily quantity of water 
lifted was abandoned. Instead, a record was kept of 
the numbers of hours per day that each engine worked, 
and the pressure of steam in the boilers. In December, 
after the irrigation was over, the notch was fitted in 
its place and a series of experiments were made to 
determine the quantity of water lifted at various stages 
of the tide and # with various boiler pressures. To 
ensure accuracy and to eliminate any velocity of 
approach to the notch, the banks of the channel had 
been made up so as to form a >rnall tank about GO feet 
square, into which the water from the pumps flowed 
and from which the water passed out over the notch. 
The result of the experiments are given below in 
Table V. 

The engines usually worked with a boiler pres- 
sure of 60 lb., and with the admission valve fully open. 
Under these conditions the two engines #working 
together on a lift of 5' 18 feet pumped 14*01 cubic feet 
per second, whilst the 4 h.p. engine alone raised 4*38 
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Takle 1 

r. 



Engine. 

| Boiler 
i pressure. 

Speed of 
pump 8. 

Lift j 

in feet, i • n . ot ®* 1 ! 

: in inches, i 

Discharge 
in cubic 
feet per 
second. 

4 H. P. ... 
12 H.P. ... 

| (JO 

: (»o 

443 

:»(••() 

} 

! 

2*30 ' 

1023 

13*23 

4 II. P. ... 
12 H.P. ... 

1 70 

70 

4i»;> 

620 

\ 

1 

233 

ll 1 123 

14-96 

4 H. P. ... 
12 11. P. ... 

1 70 

! 70 

483 

633 

\ 

1 

303 

11 123 

15*21 

1 II. P. ... 
12 H.P. ... 

. 60 

' 60 

440 

:>!M 

> 

j 

318 

10 63 

11*01 

4 TI. P. ... 
12 H. P. ... 

30 

, r »o 

:vm) 

:>2h | 


.■>*37 

0*73 

12*27 

. 4 H. P. ... 
J2 11. P. ... 

10 

JO 

343 

463 ; 

) 

;>*4o 

8-70 

10*33 

1 H. P. ... 
12 II. P. ... 

70 

TO 

4!)o ; 

533 

i 

\ 

O-70 

10-90 

14 31 

4 H.P. ... 

60 

445 : 


307 

4‘flO 

438 

* 4 H.P. ... 

i 70 

403 


3-4f» 

300 , 

4*51 

4 H. P. ... 

5 0 

403 


3-38 

410 

3 72 

1 II. P. ... 

i 40 

330 


3 74 

3 72 

2*89 

4 II. P. . 

60 

400 


» o r> 

4 13 1 

3*79 

12 H.P. ... 

70 

610 , 


3-30 

8 73 ; 

10*43 

12 H.P. ... 

i 60 

m 1 


3 80 

8*33 

10 08 


cubic feet per second on a lift of 3*07 feet, and 3*7^ 
cubic fret per second on a lift of 5*03 fret and the 
10 h.p. engine on n lift of 3*80 feet raised 10*08 cubic 
feet per second. Jt lias therefore been assumed that 
as an average the. 10 h. p. engine raised 10 cubic feet 
per second and 4 Ii. p. engine 4 cubic feet per second 
on lifts varying 2*5 fret to f> feet, the greater work 
done by the two pumps driven by the 10 h.p. 
engine being due to the higher speed at which 
they we» driven. Using these figures, the results 
given in Table III., under the columns headed 
4 Average discharge of pumps in cpbficfeet per second ” 
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and “ Duty of water in acres per cubic foot per second’’' 
have been calculated. 

With the conditions under which wet cultiva- 
tion is carried on in the Kistna delta, the duty 
of water should be calculated by taking the area 
irrigated and dividing it by the maximum mean 
supply over a period of forty days. The result for 
the area under the pumps is a mean discharge of 
9‘795 cubic feet per second from the 21st .July 
to the 31st August, which for an area of 820*8 
acres gives an average duty of 83*8 acres per cubic 
foot per second. In this particular case the method 
is scarcely fair, as owing to the difficulties connected 1 
with the start and the failure of one of the engines* 
the quantity of water pumped during the first twenty 
days of July was not sufficient to comply with the 
requirements of the cultivators, and an extra supply 
had therefore tc\ be given later on. A more accurate 
insult would therefore be obtained by taking the 
averages over the whole of July and August, and if 
this be done the mean discharge is 7*98 cubic feet 
per second and the duty, 102*86 acres per cubic foot 
per second. The experiment fully demonstrated the 
feasibility of the proposal to irrigate these lands 
by pumping from the I pputeru, but the scheme 
was never carried out for the very satisfactory reason 
that it was subsequently considered possible to 
supply the lands with water f from the delta canals. 
The results of these experiments, however, induced 
a native firm in Uijntur to start pumping from the 
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Colair Lake for the irrigation of some of the higher 
Lnnkas or islands. And after seven years* experience 
they are so well satisfied with this method of irrigation 
that they are now arranging to carry it out on a very 
extensive scale. 



CHAPTER XIV. 


DEVELOPMENT OF LIFT-IRRIGATION. 

In the Report of the Indian Irrigation Commission, 
it is stated that the total area throughout the country 
dependent upon wells for irrigation is not less than 
1G million acres, and the Commissioners, after discuss- 
ing the prospects of utilising a larger proportion of 
the subterranean water, remark, “ that it may not be 
sanguine to look forward to a period when the area 
under well irrigation throughout India will ha\e 
doubled. M An exhaustive survey of the possibilities 
of extending irrigation by the construction of new 
work< on a large scale led them to propose a programme 
for expending 44 crore> of rupees in 20 years from 
which they anticipated an additional Gi million acres 
of irrigation. That is to say, the Commission are of 
opinion that in the future, well irrigation will be of 
greater importance tlian it has been in the past, and 
of the land in India yet b* receive the benefit of irriga- 
tion, not less than 70 per cent, will have to derive its 
supply from wells. At the present time only about 
30 per cent, of the irrigation is under wells, but if the 
anticipations of the Irrigation Commissioners art; realis- 
ed, ‘eventually the proportion will be much greater and 
may ultimately amount to as much as 45 per cent. 
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Obviously, therefore, ever} 7 possible aspect of well 
irrigation is a subject needing careful study and invest- 
igation and not the less so. because in the past it has 
not been deemed worthy of the serious attention of 
engineers. In various ways, in different Provinces of 
of India, well irrigation has been encouraged by Local 
Grovernments, and to some extent material assistance 
has been rendered under the Agricultural Land 
Improvement Loans Act by the system of Takkavi ,f 
advances, but nothing has been done to help the agri- 
culturist in selecting the site for a well, nothing to 
show him how best to tap such water-supply as inay 
exist, and very little, and that of no practical utility, 
to indicate the best means by which the water may 
be raised above the surface of the ground. What 
has been done in the past has been done by the ryot 
himself, what yet remains to be done must necessarily 
be on much the same lines. Bui it is possible that 
valuable assistance may be given hiuw in various ways 
and the. range of his operations greatly extended* 

In other countries notably in the arid regions of 
the Lnited States, an enormous amount of work has 
been done to bring to the surface water for the irri- 
gation of land, which would otherwise remain a 
sterile waste. Mainly the work ha* been done by 
private efforts, but in America its importance is now 
heing recognised* by the State and the Federal Depart- 
ment of Agriculture devotes a large amount of time 
to the collection of data and the publication of the 
results of experiments. Bulletin^ No. 158 of *the 
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Office of Experiment Stations is a record of Irriga- 
tion and Drainage Investigations carried out in 1904. No 
inconsiderable portion of the 743 pages of this report 
deals with subterranean water and its utilisation, whilst 
the extensive development of pumping from rivers, 
lakes and backwaters receives the attention which it 
deserves. To Indian readers the record is interesting 
as showing what can be accomplished by intelligent 
enterprise and abundant capital. But the conditions 
in the far West are so different from those that prevail 
here, that very little can be gleaned that is directly 
applicable to the circumstances with which we have to 
deal. Here, as in America, we must start da novo and 
work out the problems which will present themselves. 

Under the Madras Government, irrigation by pum- 
ping has received more attention than probably in any 
other part of India, and the history of work in this 
direction goes back as far as 1 892. In his interesting 
report on the Divi Pumping Project which is now being 
carried out in the Kistna District, at a cost of more 
than 1 8 lakhs of rupees, whereby 50,000 acres of land 
-will be irrigated by pumping from the Kistna river 
below the anicut, Mr. K. N. H. Reid, the Executive 
Engineer who designed the installation, remarks : 

“ The favourable financial position of the project 
naturally raises the question of whether the like cannot 
be done elsewhere, but before considering this, a brief 
retrospect may be taken of what has been done in the 
District since Messrs. Ussher and Chatterton first sug- 
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gested the use of pumps for irrigation in 1892. In 
that year an area of 125 acres of land at Mattagunla in 
the Gudivada Taluk was irrigated by lifting water from 
the right bank of the Upputeru river which constitutes 
the outlet for the Colair Lake. The average lift was 
under 5 feet, and a 4 horse-power portable engine was 
used to drive an 8-inch centrifugal pump. In the fol- 
lowing year, 1893, a second engine of 10 horse-power, 
driving two 8-inch centrifugal pumps was added to the 
plant of the previous year and an area of 820 acres 
was successfully cultivated. It was then decided to 
bring these lands at Mattagunta under anicut distribu- 
tion by constructing the Pedalanka channel and the 
pumping experiments were accordingly discontinued. 

Native enterprise then came forward and a firm 
of Guntur and Bezwada merchants were granted a con- 
cession, enabling them to cultivate by means of pump- 
ing machinery, an area of 1,000 acres on the margin 
of Colair Lake for which they were to^jay no water-tax. 
In the yearR 1894 to 1897, in spite of many difficulties 
from alternate flood and drought, they successfully 
cultivated several hundred acres. A want of expert 
advice hampered their efforts. The centrifugal pump 
employed, which had a discharge pipe 15 inches in 
-diameter, was too large to be # economically driven by 
the small 10 horse-power engine, and the irrigation 
channels were # far too large. A second native firm 
which came from El lore started pumping in July of 
last yeift* (1900) and successfully cultivated about 200 
acres of land on one of the Colair Lankas. They hn* 
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ported from Glasgow a 9-inch pump driven by a direct 
acting vertical engine. 

The successful pumping at Mattagunta naturally 
led to the suggestion of Pivi Island as a suitable field 
for pumping on a large scale. Here was an area, many 
times larger than any available on the margin of the 
Upputeru river and which, moreover, was (juite cut 
off from the surrounding delta. I was in charge of 
Pivi Island at the time as Sub-division Officer and in 
1894. submitted a report with outlined estimate for 
irrigating .'>0,000 m*re> at a cost of about 14 lakh> of 
rupees in machinery and works. In 1890, a small 
establishment wai sanctioned for taking levels and an 
alternative estimate was submitted for irrigating 30,000 
acres of waste land, leaving the existing wet cultivation 
to be supplied from tanks as before. 

Sanction was accorded in O. O. No. 1081 — I., 
dated 22nd December, 1900, for the installation of a 
small pumping plant at Vetimoga which is 10 miles 
from the sea. Two twelve horse-power porta hie engines 
were brought to the site and employed fo drive three 
centrifugal pumps of 7, 8 and 10 inches diameter, the 
whole being housed under a galvanised iron-shed. 
Water was pumped from the latter end of .lime, 1901, 
into the village tank fron which the ryots lmd been 
in the habit of cultivating from f>0 to 100 acres 
whenever the river freshes were favourable. An area 
of 830 acres now is under cultivation. With the low 
water-tax of Ks. 3 for the y£ar 1901, it was found 
tbftt the net revenue paid 4 per cent, on the capital 
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outlay. With the rate raised toBs. 5 as' in 1902, the 
return should be much higher. The plant now at site 
can irrigate 1,500 acres against the 830 acres of 
1901. 

The ryots at first viewed the experiment with 
their customary diffidence. No preparations for culti- 
vation were made till the water wafi seen flowing from 
the pumps. It so happened that the season was very 
unfavourable for the old system of tank irrigation. 
In Yetimoga, instead of 830 acres not more than 50 
would have been cultivated. The whole island suffered 
from drought, and in place of from 5,000 to 10,000 
acres of wet cultivation under all the tanks the actual 
area brought to maturity was only a few hundreds. 
The area under the pumps at Yetimoga exceeded the 
total of all the rest of the Island put together, with the 
result that the ryots of all the other villages are now 
petitioning for the extension of a similar system to 
their lands.” 

The Island of Divi, which is to be the scene # of 
the largest development of lift-irrigation which has 
hitherto been attempted, is situated at the mouth of 
the Kistna river, being cut off from the mainland, on 
the one side by the main river and on the other by 
the Puligadda branch. It w*s originally intended to 
build an aqueduct across this branch to carry the 
waters of the Kistna canals to the island. But as 
the water supply available is barely sufficient for the 
lauds already commanded by the Kistna canals, thia 
project has been definitely abandoned and it is now 
14 
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intended to pump water from the bed of the river on 
to the island. The works, in course of construction, 
provide for lifting 560 c. ft. per second to a height of 
12 feet and the plant will consist of 9 Diesel Oil- 
engines, of 160 horse-power each, driving 39-in. centri- 
fugal pumps. The water in the river is tidal and is 
only fresh during the irrigation season which begins in 
June, and ends in December, so that the irrigation will 
have to be confined to paddy cultivation. The annual 
working expenses are estimated to amount to not more 
than Ks. 2 per acre and as the water rate charged will 
be Ks. 5, it is obvious that the project will prove 
highly remunerative. Apart from the shortness of th« 
season during which water can be pumped from the 
river, the conditions at Divi Island are unusually 
favourable for a pumping scheme ; especially is this so 
in regard to the variations in water-level, as the vertical 
range between the low spring tides when the upland 
water has ceased to flow and the maximum flood level 
is unusually small. In high floods no pumping is 
necessary and the greatest, lift at the end of the irriga- 
tion season is expected not to exceed 1 2 feet. The small 
range of the tide at the mouth of the Kistna is largely 
responsible for the very favourable conditions of which 
advantage is now being taken. 

The volume of water passing down many Indian 
rivers and now flowing uselessly to the sea is not only 
enormously great, hut the flow ^continues for a suffi- 
ciently long time to render it practicable to make use 
of the water for irrigation, if only it could be obtained 
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at a sufficiently high level to command lands suitable 
for irrigation. The Divi Island scheme may possibly 
be the forerunner of not a few similar installations, but 
much greater difficulties will ha\e to be faced and the 
financial prospects are at the present time by no means 
so satisfactory. 

Outside the deltas the rivers run in valleys and not 
only is the range between summer water-level and 
maximum flood-level very considerable, but the height 
to which water has to be lifted to command the land is 
generally so great as to preclude the possibility of 
pumping on anything hut a very large scale. Never- 
theless, it is certain that if the hydraulic conditions of 
the rivers in India are carefully studied, it will be 
found that there is an enormous field for the develop- 
ment of lift-irrigation. Tn the south of India, from 
many rivers large quantities of water are drawn off 
every year by the ingenious system Spring Channels 
and where conditions are favourable this systen^of 
irrigation is fairly satisfactory. 15nt in most cases it 
is only possible to obtain a small percentage of the 
water available and that by an expenditure of labour 
inordinately great. If the labour had to be paid for 
at anything like current rates for cooly labour, the cost 
of irrigation by Spring Channels would be found prohi- 
bitive. Hilt Spring Channel irrigation is possible be- 
cause it utilises In the slack agricultural season of the 
yeai labour that would otherwise be unemployed. 

At. the present t ime * we know very little about4he 
• Vide 41 The flow of water in Sand ”*p. 177, * 
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water in the Band of river-beds during the dry season 
of the year. There is some evidence to show that the 
quantity is fairly considerable, and that it might become 
a very important factor in the extension of irrigation 
if only it were properly looked after. It is certainly 
worth while to consider the question at some length. 
In the hot weather a typical Indian river presents a 
vast expanse of dry sand. A few inches or a few feet 
below the surface of the sand, water is invariably 
found. By digging channels in the sand with the bed 
slope much less than that of the river, the upper end of 
the channel will have its bed considerably below the 
line of saturation of the sand, and water from the 
river-bed consequently flows into the channel. Proceed- 
ing downstream the channel gradually gets shallower 
and finally its bed coincides with the bed of the river. 
Before this point is reached, there is a point at which 
the water-level in the channel coincides with the water- 
level in the sand. Above that point water flows from 
the river-bed to the channel ; below that point the 
water collected in the channel begins to flow back into 
the river and the sooner, therefore, the channel can he 
got out of the river and the bed made impermeable to 
water, the greater the quantity of water that will be 
available for useful work. If a Spring Channel with a 
slope of 2 feet per mile is carried up a river, the bed 
slope of which is 6 feet per mile, at the end of 2 miles 
its bed will be 8 feet below the bed^ of the river and if the 
line^ of saturation is 4 feet below the river-bed, there 
will be, say, two feefrof water in the channel at its head. 
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Half a mile lower down the water in the channel will 
coincide with the level of the water in the sands 5 from 
this point onwards the channel will begin to lose water 
into the sand and the volume will gradually diminish 
till it is diverted from the river-bed into the more 
or less impermeable material of the banks. Obviously, 
therefore, a Spring Channel only taps the superficial 
layers of water-bearing sand and most of the water is 
■allowed to remain unutilized. 

A succession of Spring Channels, onebelow theother, 
is what is usually found in a river of this type. Beyond 
the head of the lowest channel all the water is wasted 
and in many cases this is undoubtedly a very large 
quantity, but how much, it is extremely difficult to 
•say. In addition, there is probably a veiy large loss 
of water by evaporation from the vast expanse of sand 
but what this may amount to, there are absolutely 
no data by which to frame an esymate, though it 
would not be difficult to devise some simple experi- 
ments which would give practical information on 
this point. 

From the foregoing sketch it will he seen that the 
extreme simplicity of the spring channel by no means 
compensates for its very obvigus defects and it seems 
most probable that a well-devised system of lifting 
water from a river-bed by means of pumps would be 
more economical and would enable us to obtain a 
considerably larger quantity of water. Spring Channel 
irrigation is only possible with Kudimammat labour, 
6f which it is difficult to express, ttie money value. A 
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low rale will put the cost of such irrigation at 2 annas 
per acre per day or, say, Rs. 4 per acre per month. 
This is, in itself, a fairly high charge but the real de- 
fect is the small proportion of water utilised of that 
which is available. In rivers with a fairly rapid bed-fall 
and no great depth of sand the Spring Channel is most 
satisfactory, but when the bed slope is small and the 
depth of sand great, the Spring Channel cannot get at 
more than the water in the superficial layers of sand. 

It is easy to point out in a general kind of way 
the advantages of lift irrigation from rivers, hut when 
we come to the working out of details very serious 
difficulties present themselves, and as yet no attempt 
has been made to solve them. The water-supply of cer- 
tain towns like Conjeevnram. Trichinopoly and Madura 
depends upon the storage capac ity of the sand in the 
riverbeds of the Palar, Cauvery and Vaigai rivers respect- 
ively. The expense to which a town may go to 
obtain a pure water-supply is very much greater than 
what is permissible when the water is required for irri- 
gation and the experience of the Sanitary Engineer 
who constructed these water supply scheme therefore, 
of little value to us in this matter. 

Mr. Tota R. V. Raman ujam Chettinr, of 
Trichinopoly, was the first Indian to grasp the poss- 
ibilities which may he realised by pumping water 
to supplement the deficiencies of ‘spring channel 
irrigation. He and his partners own a tjact of 
30p acres of land on the right bank of the Cauvery, a 
few miles below th£ junction of the Amaravathi with 
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the main stream. These lands are watered by a spring 
channel which hikes off from the Amaravathi some dis- 
tance above its junction. The supply of water is always 
precarious and in recent years has often failed, so that 
the return from the land is very small. With the assist- 
ance of a loan of Ks. 8.000 from Government which has 
been granted to him under the Agricultural Land Im- 
provement Loans Act, Mr. Tota KamanujamChettiar has 
erected a pumping station on the hanks of the Cauvery 
in the immediate vicinity of the land to be irrigated. 
The pumping station is situated on the high- 
berm within the river Hood hanks and the engine house 
is placed at such a level as to be above even extra- 
ordinary floods. Two wells, one 15 feet find the other 
20 feet in diameter, have been sunk in the sand about 
ten feet helow the normal hot weather water level and 
connected together. In the smaller well two centri- 
fugal pumps one with a suction pipe H?in. in diameter 
and the other with a suction pipe 8in. in diameter have 
been fixed and for dicing them a 25 horse-power 
Hornsby liquid fuel engine has beeu installed. This 
engine is capable of driving one pump at a time but 
not both together. When the water level is fairly 
high the 12" pump can be conveniently run but if the 
water level sinks very low there is only sufficient power 
to drive the 8-in. pump. Between the engine and the 
pumps is a counter shaft fitted with pulleys which 
renders tfiis alternative arrangement possible. The 
two wells do not supply sufficient water to keep tfce 
12-in. pump at work and for the present a channel 
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has been dug through the high-berm into the lower 
bed of the Cauvery to a sufficient depth to bring to 
the pumps enough water to keep them going. This 
channel differs, however, \ery materially from the 
ordinary spring channel as its bedfall is practically 
the same as that of the river and it terminates 
suddenly with its water level below that of the water 
in the adjoining sand, so that it is simply an open 
filtration gallery. 

This installation has been at work for one season 
now with great success. There has been trouble with 
the engine owing to certain defects in the arrangement 
for driving the pumps, but the land has been thor- 
oughly irrigated and bears valuable crops of plantains 
and sugar-cane whilst the neighbouring lands, which 
entirely depend upon the spring channel, have borne 
anything hut satisfactory crops. During the latter 
half of the year the spring channel is the principal 
source of supply and it is when the water from that 
source fails that the engine and pump are set working. 
From the experience of a single year it would be very 
unfair to estimate the financial results which are 
likely to be obtained, but there is no doubt whatever 
that even in the first year the transaction has 
proved highly profitable and in years to come 
when the whole of the land has been brought under 
intense cultivation, the results will be still more satis- 
factory. This pumping station has been ^carefully 
watched by a number of other landholders, and there 
is not much doubc that there will be many more 
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applications for assistance to put up similar pump- 
ing stations in other places. The maximum lift 
in this instance is not more than 16 feet and the 
pump does nothing more than raise the water which is 
collected by a sort of infiltration gallery. The larger 
pump raises about 7 c. ft. per second and the withdraw- 
al of sueh a small quantity of water has no apprecia- 
ble effect on the Cauvery river. Even if twenty such 
installations were put up, the effect would probably 
be slight, provided they were not in too close proxi- 
mity to one another. 

* This year a similar experiment will be made on 
the banks of the If agar i river, at the experimental farm 
which is being established by Government to deal with 
the question of irrigating black cotton soil. The pum- 
ping plant is now in course of erection and it will pro- 
bably commence work at the beginning of June. A 28 
h. p. oil-engine and a 10-in. pumpjhave been pur- 
chased and the latter is to be erected over a well sunk 
at the edge of the bank of the river, and penetrating 
the water-bearing sand through its whole extent. There 
will be a certain amount of percolation into the well 
but it is not likely that it will be anything like suffi- 
cient to keep the pump ^supplied with water. 
Arrangements to effect this have yet to be devised. 
Probably, in the first instance, an open cut will be 
made similar to that which has proved satisfactory 
with the*Cauvery plant, but if the percolation into the 
well is free, a permanent infiltration gallery may prp- 
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bably be constructed of sufficient length to yield the 
quantity of water required. An essential part of the 
programme, however, is to pump as much of the silt 
carried by the water during floods as possible, and 
arrangements have been made to let the flood waters 
have free access to the pump. 

The land to be irrigated by this installation runs 
back from the river for about a mile and the slope of 
the land in that distance is about 8 feet. This intro- 
duces, in a very mild form, one of the greatest difficul- 
ties which will have to he contended with in connection 
with the introduction of pumping from rivers. Tn this 
case the difficulty will be got over by pumping in two 
stages. The Water lifted from the llagari river is carried 
back in a channel which runs in a hank about 1 feet high 
close to the pumping station and gradually diminishes 
in height till it becomes level with the ground and then 
runs in cutting up to the farm buildings where it is 
lifted into a channel running in bank by a second en- 
gine and pump. A similar plan has been adopted to 
deliver the water pumped from the bayous of Louisiana 
and Southern Texas on to the rice fields which, in 
recent years, have developed to such an enormous 
extent. 

The variations in water level of the Hagari river 
are well within 20 feet, and as the suction of a centri- 
fugal pump will work well enough up to 25 feet, there 
has been no difficulty in placii^g the engine Q,boveany 
probable water level. But in most rivers the range of 
water level is much greater than this, and it is by no 
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means a simple matter to arrange the machinery so 
that the engine is not submerged in high floods. 
Where the banks of the river are steep or almost verti- 
cal, the problem is a comparatively simple one as a 
well can be sunk in the river close to the bank and 
carried above the maximum flood-level. In the 
bottom of the well a horizontal centrifugal pump with 
a vertical spindle can be fixed and driven by a shaft, 
carried up the well, on which a horizontal pulley is 
fixed above the flood-level. The engine can then be 
fixed on the bank and drive the pump through a 
^juarter-tu r ist belt. The permanent masonry work 
connected with such a scheme must be fairly heavy 
and correspondingly expensive, and consequently the 
capital cost of an installation of this kind will amount 
to a good deal per acre unless the volume of water to 
be dealt wdth is large and the cost of the machinery is 
a considerable percentage of the total outlay. As yet 
no such installation has been erected iiT India and al- 
though pumping from the Nile in Egypt by means* 
or steam engines and pumps has been practised on a 
very large scale, the prevailing conditions there are 
quite different to anylhing experienced in India except 
possibly in Sind with the Indus river. 

In the case of most rivers the summer water-level 
is far below that of the surrounding country and the 
slope of the ground 1 is not steep enough to allow of 
pumping |he water in a single stage, except by incur- 
ring the cost of very deep cuttings, which would give 
an immense amount of trouble in flood time. Under 
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finch circumstances small pumping installations are 
out of the question, as the capital outlay required 
will be too great. Where abundant water is available 
and there are large tracts of land to be irrigated it is 
probable that in most cases the engineering difficulties 
can be surmounted. It may be assumed that there 
is no objection to allowing the pumps to be drowned 
during the high floods but it is essential that the 
engines should be placed above the flood-level. The 
electric transmission of power would get over the diffi- 
culty provided the motors could be run back on rails 
whenever floods were expected. A large central 
generating station would be a very economical arrange- 
ment for pumping from a big river like the frodavery 
or the Kistna, especially if it were necessary to lift the 
water in two or more stages, and continuous pumping 
might be ensured even in flood time by the use of 
fairly long suction pipes and by making the stages 
overlap so that the suction pipes of the pumps on the 
second slage will begin to draw water from the main 
stream before the pumps on the first stage are drown- 
ed. In this case it will not be practicable to make 
the vertical stages more than 20 feet in height 
except the last one. Where the lift is high and the 
slope of the ground gradual it will be necessary 
to provide a rising main and in this connection it is 
possible that the employment of armoured concrete or 
armoured cement pipes may< be found practicable and 
much cheaper than cast iron. All this, however, is 
more or less a matter of s}>eculation and it is pretty 
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certain that lift irrigation from rivers can only be 
gradually developed as one class of difficulty after 
another is practically surmounted. 

On the Adyar river to the South of Madras, for 
irrigation purposes, two pumping installations have 
been erected. The first, which was put up nearly two 
years ago, supplies water to part of thelandof the Agri- 
cultural College at Saidapet. Many years ago when these 
lands formed part of a garden belonging to the Nawabs 
of the Carnatic, a well was sunk near the river and con- 
nected thereto by a culvert. A few hundred yards 
Wwer down the river is a small masonry anicut which 
Bolds up a pool of water extending some distance be- 
yond the Marmalong Bridge on the MountJRoad. On 
tlfe side of the well, away from the river, a massive 
brick-work retaining wall was built which formed the 
end of an earthen bank thrown up to carry the water 
to the lands of the garden which are some 15 to 20 
feet above the normal water-level in tfle river. For- 
merly a pair of country mliotes was employed to lift * 
water from this well, but two years ago we installed a 
6£ h. p. oil-engine and a 4-in. pump and on an 
average about 150,000 gallons of water per day have 
been lifted up for the irrigation of certain sections 
of the farm. The power available was hardly sufficient 
during the last hot weather when, owing to the drought, 
the river sunk to arf abnormally low level. 

A few # miles further up the river at the village of 
Chittatur we have erected a 14 h. p. oil-engine and 
a 5-in. pump for M. K. Ky. Appasprami Mudaliar. 
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The river there consists of a series of rocky pools which 
have never been known to dry up and for a considera- 
ble part of the year there is a slight flow of water 
down from pool to pool owing to the leakage from the 
Chembarambakam tank and the drainage water from 
the lands under it. The banks of the river are fairly 
steep and the lift is about 23 feet. Some distance 
back from the hot weather channel, a well has been 
sunk and connected to the river by a culvert terminat- 
ing in an open cut. In very high floods the pump 
will be submerged but the engine stands at a somewhat 
higher level and it is expected that the highest flood'* 
will not reach it. A moderately high bank carries the 
water from the pump to the level of the land, the 
lift being divided into about 1G feet of suction and 7 
feet of delivery. The installation was only completed 
early this year at a cost of about Rs. 5,000 and it is 
hoped will provide sufficient water for 100 acres of 
land. So far the pumping seems to have had no 
appreciable effect upon the water-supply in the river, 
and if this be so, it may possibly be practicable to set 
up several other installations of the same kind. 

It is well known that a considerable quantity of water 
passes down the Palar river in the wide sandy bed, and 
in August, 1902, a Hcheine was outlined for sinking wells 
at intervals alongside the river and pumping water 
from them with power supplied from a central electric 
station. The scheme was submitted to (government 
in the Public Works Department and the pro- 
posal was so far approved that money was pro- 
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vided for establishing a single pumping station to 
test the practicability of getting at the water of the 
river by means of wells. In 1904, a site was selected 
near the village of Attur, about three miles from 
■Chingleput and a well 1.3 feet in diameter sunk at a 
spot which it was thought would prove satisfactory, 
and a sufficient area of land was acquired to test the 
practicability of irrigating by means of the water so 
raised. The well was sunk to a depth of 35 feet, or 
nearly 20 feet below the water-level in the river, but ex- 
cept fora few feet of blown sand on t lie surface and one 
At two thin layers of sand lower down it passes through 
practically impermeable strata. A boring was then put 
down from the bottom of the well for another 50 feet 
with unsatisfactory results. The well was found to yield 
about 20,000 gallons of water a day and was obviously 
a failure. I then had borings taken at various places 
on the laud which has been acquired for experimental 
purposes and in some places more favourable indica- 
tions were obtained. Finally a spot was selected about* 
250 yards from the existing well and a small pot 
well 2 feet Gin. in diameter sunk. This w r ell only 
extends 5 or G feet below the level of the river-bed 
and its flow was recently tested with a hand-pump. 
Over 1,500 gallons of water per hour were taken out 
of the well and the depression of the water-surface was 
not more than 2 feSt. This would mean that a 15 feet 
well with # the same depression will probably yield 
10,000 or 12,000 gallons per hour and by increasing 
the depression to 5 or 6 feet it to probable that, 
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without blowing up the bottom of the well, a supply 
of as much as 20,000 gallons of water per hour can be 
counted upon. The land acquired in the neighbourhood 
of the well has been converted into an experimental 
farm and placed under the charge of the Deputy 
Director of Agriculture, The anticipated supply of 
water will be more than sufficient for the irrigation. 

The failure of the well at Attur and hundreds 
of similar failures which have occurred to ryots in 
well-sinking elsewhere, strongly point to the necessity 
of a preliminary exploration of the ground before 
incurring the expense of sinking large wells. 

For this purpose, well-boring tools capable ot 
putting dovui holes about 4 inches in diameter .are 
sufficient, and generally it is not necessary to go to a 
greater depth than about 100 feet. Hut over extensive 
tracts of country it will probably be found advantageous 
to put down boreholes of much larger diameter and 
to a much greater depth in the hope of tapping either 
artesian or sub-artesian supplies of water, or to 
penetrate beds of gravel from which water may be 
freely obtained by the use of deep well pumps. In 
Pondicherry and the country to the south of it, the 
existence of an artesian water supply has long been 
known, but it is not so" well known that many hundreds 
of artesian wells have been put down by the ryots and 
that from these wells the water rises above tbe ground 
level and irrigates their fielcfe. The quantity of water 
yielded by the wells varies very much, but in no case 
does it amount to more than about half a cubic foot 



DEVELOPMENT OF LIFT-IRRIGATION. 


225 


per second. If pumping were resorted to, there is not 
the slightest doubt that many of these wells could be 
made to yield a very large supply of water. 
Quite recently, Mr. Panduranga Mudaliar who, for 
nearly two years, has been irrigating his lands near 
Cuddalore with an oil-engine and pump, has, with 
the aid of some men from Pondicherry put down 
a borehole at the bottom of his well. At a depth 
of 84 ft., he struck water and it rose up the borehole 
which was 7 inches in diameter with considerable force 
and filled the well to within 13 fi. of the surface of 
the ground. The engine and pump were set to work 
and about 300 gallons per minute were removed from 
the well. This resulted in lowering the tyater-level to 
about 20 ft. from the surface of the ground, but 
gradually the How up the borehole decreased and event- 
ually the well was emptied. With the borehole ter- 
minating at 2S ft. below ground level, a permanent 
discharge of about 140 gallons per minute was obtained. 
Subsequently, a second borehole of similar diameter wis 
put down with a similar result, and Mr. Panduranga 
Mudaiiar is now able to keep his engine and pump at 
work as long as he likes lifting over 300 gallons per 
minute from a depth of about 1 8 ft. 

This discovery of a sub-aftesian water-supply, as 
far south as Cuddalore, is of great importance as indi- 
cating that the befls from which the supply is derived 
are of considerable extent and probably of great capa- 
city. Doubtless, numerous other boreholes will now J>e 
put down and eventually the demand for water will be 
15 
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so great t.liat the natural flow of tlie wells will cease, 
and pumping will have to be resorted to everywhere to 
obtain a supply of water. This is what has happened 
over and over again in America and though enterprise 
and capital aie not so freely forthcoming in this coun- 
try; yet, when the value of a perennial supply of water 
is fully realised, there can he but little doubt that the 
same sort of thing will occur here. The Pondicherry 
well-borers are very expert at their work and under 
favourable conditions put down borehole* to depths of 
as much a- .‘JOG ft. very cheaply and »erv expeditiously. 
Their skill and experience might well be utilised in 
many parts of the Presidency. and if such work 
were systematically carried out, under competent su- 
pervision, whatever tiic direct result *■ might he, there is 
no question but that the indirect results would be of 
immense vain** and would enable n* to avail ourselves 
to the uttermo.-t of such .-lore< of vihtenunean water as 
actually exist. *' 

Mineral explorations in the agency tracts of the 
iiodaveri District have resulted in the discovery of 
fairly considerable supplies of artesian water and in the 
Chingleput district near Tiruveilore, Me*sr-. P»e.4 and 
Co., whilst boring for coal, have struck a fairly strong 
supply of artesian water at a gieat depth below the sur- 
face. In the neighbourhood of Cucanada and Samal- 
cotali just to the north of the (lodaveri Delta, artesian 
water has been found and a number of boreholes put 
down, Put so far no attempt lias been made to in- 
crease the How of j,hese boreholes by means of pump- 
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ing. Tn Coimbatore where the water-supply for irri- 
gation is derived from many thousands of wells, the 
■sinking of boreholes at the bottom of the wells has 
frequently led to tapping supplies of water under 
sufficient pressure to rise considerably above 
the bottom of the well. Generally speaking, boring 
for water in the south of India has not been carried on 
very extensively, but the results of such work as has 
been (lone are of so encouraging a nature that further 
development in this direction is extremely desirable, 
and in course of time, it is not unreasonable to hope 
that the whole of the country will be carefully ex- 
plored wherever the geologic d conditions are such as 
not to obviously preclude the possibility of finding 
artesian water in considerable volume. 

In the Madras Presidency the general slope of the 
eountiy is from west to east but the ridges forming 
the watei-sbeds between each river basin gradually 
become less prominent as they approach the alluvial 
tracts along the K;i"t ('oast, so that variations in level 
«*• but a few feet would change the course of not a few 
ol the rivers. Jn many places there are considerable 
tracts of water bearing sand overlaid with alluvial 
deposits marking the ancient courses of rivers which 
may now be found working their way to the sea some 
distance off. Such beds of sand are invariably full of 
water, and in not it few cases where the lie of the land 
permits of it, the water can be brought to the surface 
by what is locally known as a ; springhead \ This con- 
sists of a channel dug at right angles to the contour 
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lines with a very small slope so that eventually it pierc- 
es the layer of water-bearing sand and the water escap- 
ing by this artificial spring is conducted away for the 
irrigation of the lower lands. In practice this method 
of getting at the subterranean water involves a consi- 
derable amount of labour at the outset and only tap* 
the surface of the water available. By sinking wells 
into the sand and lifting the water out vertically much 
larger quantites can be obtained though, naturally, the 
cost of getting at the water is much greater. Our 
enquiries during the last twelve months have revealed 
the existence of \ cry large areas of land from which 
such supplies of water can be obtained, and in certain 
places we hav? sunk wells with considerable success. 

In the ullage of Pammmpaltu near Villnpuram, 
we have installed a JO, h. p. engine and a (i in. pump. 
The pump draw? its water from a circular brick well 
which has been sunk on one side of a large open exca- 
vation. The water-bearing sands which rise within a 
fVw feet of the suiface yield an ample supply and it h 
quite practicable to extract l’oO cubic feet per second 
continuously from this one well. The soil round the 
well is extremely porous, otherwise such a supply 
of water would be sufficient for about 200 acres of 
garden crop. An effort is bow being made under 
the direction of Messrs, Parry A Co., to ascertain 
what area of land can be irrigated *and what crops 
should be grown to obtain the most profitable results. 
About 10 miles to the west of Villupuram, at Siruvan- 
nur, Mr. Pandurangam Mudaliar has sunk a well of the 
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ordinary type employed in that locality. He ha& put 
in a 3 in. centrifugal pump and has been driving it for 
some time with an oil-engine. The pump lifts about 
half a cubic foot per second and can he worked continu- 
ously day and night, the water-level in the well sink- 
ing very little. A similar well was sunk at Manama- 
dura on the banks of the Vaigai river about 
two years ago and it lias never been possible to un- 
water it with a 3 in. pump. Again at Pandur near 
Trivellore in the Chingleput District several wells on 
the Lutheran Minion Settlements have been tested 
' with a 3 i h.p. engine arid a 3 in. pump. In one case 
a sub-artesian supply was lapped and -mfficient water 
obtained to keep the engine and pump ftilly at work 
and ii< other eases though the wells did not yield so 
much water, yet the quantity was sufficient to indicate 
that if a couple of wells were sunk and connected 
together, the percolation would be sufficient to 
keep the engine and pump running. At Pannam- 
pattii the Mind yields water extremely freely but It 
oho flows in easily so that it is difficult to separate 
the sand from the water and special arrangements will 
have to be. devised to do this. At Siruvannr and 
Manamadura the sand is much coarser and no difficul- 
ty has been experienced in taking out the water. 

In these tracts of land underlaid by water-bearing 
sands where the lift does not exceed 16ft., thepiecotah 
is universally employed and the area under well- 
cultivation is limited by the number of men available 
to work the piccotahs. This I havo been assured is 
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the ease wherever I have made enquiries as to why when 
such a plentiful supply of water is available more use 
has not been made of it. Similarly, as in the country to 
the north of Trivellore where the water-hearing sand.- 
lie at greater depth and the country m hole is used, 
the area under irrigation is limited by the number 
of cattle available for such work. The great majority 
of ryots are unfortunately far too poor and their hold- 
ings much too small to enable them to avail themselves 
of engines and pumps. If co-operation were possible 
something might be done, but it is almost hopeless to 
expect anything in this direction and it is to be feared 
that many years will yet elapse before full u*»* is 
made of the available store* of water which lie but 
a few feet below r the surface of the ground over ex- 
tensive areas in the (larnatie districts of this Presi- 
dency. 

The vast majority of wells from which water h 
lifted for irrigation in this Presidency arc little better 
than holes sunk in the shattered and disintegrated 
roek which occurs near the surface. In some of them 
a fair water-supply is met with at a moderate depth. 
In other cases the holes are sunk to a great depth 
with less satisfactory results. As a rule, it does not 
pay to irrigate land when the water in the well is more 
than 40 or oO ft. below the surface of the ground, but 
it is suspected that in many efises this is just 
about the level of the w\ater ylane in the dry season 
of the year. Where solid crystalline rocks are not 
encountered, the deeper the well is sunk in disintegrat- 
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ed and shattered rocks, the greater is the water-supply 
available and the greater the certainty that it will not 
fail. With modern pumping appliances it is possible 
to take out water very much more cheaply than is 
practicable with cattle, and there is not the slightest 
(piestion that a very considerable percentage of the 
several hundred thousand wells sunk in the rocks of 
Southern India could be enormously improved if they 
were sunk still deeper and provided with adequate 
pumping machinery. Investigations in this direction 
are now in progress, and in certain cases where wells 
have been deepened, the supply has been materially 
increased. A- instances of this I might mention the 
well at Mein'-npuirini and the well in tfie Jail com- 
pound at i 'oi inb.it ore where in both cases oil-engines 
and pump- have been in use for several years. Other 
experiments in the direction are in progress, and 
though the time has not yet, arrived when we can de- 
finitely AM-ertain the results, there is but little doubt 
of the correctness of the idea that the deeper we go 
the larger is the volume of water that can be obtained. 



CHAPTER XV. 


LIFT-IRRIGATION* 

My object in presenting this paper to the Industri- 
al Conference is to draw attention to the advance which 
has recently been made in the Madras Presidency in 
the scientific study of subterranean water and well 
irrigation, and to place at the disposal of those interest- 
ed in the improvement of tile agriculture of India the 
information which has been gathered in the Irrigation 
Pumping Department during the four yen i> it hu> been 
Jit work. 

Although wells anil subterranean water are worthy 
of the attention of Engineers it is a matter of regret 
that in India they have been very much neglected in 
the past and that the cultivators have been left almost 
•entirely to their own resources. In ]K 82 , Captain 
Clibborn, who was afterwards Principal of the lioorkee 
Engineering College, submitted a long report on well 
irrigation in the North-West Provinces and < )udh, arriv- 
ing at the result that “ well irrigation is only profit- 
able under favourable conditions and that there is rea<on 
to believe that in most districts cultixators have al- 
ready very fully availed themselves ol their opportuni- 
ties/’ In Bombay, Mr. K. D.« Campbell, an Executive 

• * Contributed to the Industiral Conference held at Surat in 
December, 
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Engineer of the Public Works Department of that Pre- 
sidency, spent some months on special duty and as the 
.final result of his enquiries formulated the opinion that 
“ nothing can be done to introduce new or cheaper sys- 
tems of well construction or of lifts than those which 
the ryot is already familiar with.” Mach later in 1896, 
in a report on water-lifts recording the results of some 
experiments on the efficiency of various systems of 
water-lifting, I wrote Steam-pumping machinery is 
utterly beyond the means of t he ryots, and the force of 
the wind is too uncertain and in general in India it is 
loo weak to be profitably utilised by wind-mills even 
of the most modern type. Animals are, therefore, the 
only source of power available, and watesrlifts in the 
future must continue to be, as they always have been, 
worked by cattle. Moreover, the Indian agricultural 
population are so singularly devoid of even the most 
rudimentary mechanical skill that it is absolutely 
necessary that machines intended for fheir use should 
be designeu to work without complicated gearing o£ 
any kind.” 

At that time it seemed as though the last word 
had been said on the subject of well irrigation, as all 
the attempts to improve on indigenous methods of lift- 
ing water had led to no decisivefresults,[and the engin- 
eers who tackled the problem retired baflled by the 
difficulty of providing a water-lift of superior efficiency 
to the native water lifts without incurring too great an 
initial outlay and without forcing the cultivator to use 
a machine too complex for his comprehension and be- 
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yonci the resources of the ordinary village artisans when 
it needed repair. Further the opinion was generally 
held throughout the Madras Presidency that few wells 
could be found which would yield sufficient water to 
keep even small pumps ol modern eoiistucrion at work 
for a sufficient time to make it worth while to instal 
them. It was also very erroneously assumed that the 
cultivator must keep his bullocks lor agricultural work 
and that in their oil' time they could lie employed 
working wholes on the wells and that Mich work 
practically cost nothing. 

In 1SJO0 in an article on rndergmund water-. 
>upply ' [ wrote : “ rnderground wafer in India l,n.o 
never been studied properly hv engineer* or geolo- 

and wells are sunk in a happy-go-lucky man- 
ner to a haphazard depth. Hiey are constructed 
with primitive appliance and at small cn*t. Expecta- 
tions are not usually great and as they are generally 
realized the pebple are content. The depth of the 
v;e\\ is limited by the fact that the priir.it i\e methods 
of sinking, in vogue among the ryot*. prevent them 
going more than a few feet below the hot weather 
level of the water. With an engine and pump to keep 
the well dry much greater depths might be attained 
and possibly the supply of water enormously increas- 
ed.*' And again in in an article on “ Well Irri- 

gation the following passage occur* : “In the south 
of India well sinking is a very^ primitive business and 
the better the supply of water generally the shallower 
tAe well. A ryo(j wants a well and, having selected a 
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spot which he thinks suitable, he sets to work and 
either sinks a hollow cylinder of brickwork into the 
ground till water in sufficient quantity to satisfy his 
expectations is reached, or lie excavates a big rectangul- 
ar hole in the disintegrated rock which forms the 
sub-soil and goes on deepening ii till the inflow of 
water is greater than can be dealt with by the modest 
water-lifting appliances at his disposal. Year after 
year, in the hot weather when the water-level is low. 
he may increase the depth by adding to the number 
of mhotes on the well, and in thi> way many valuable 
water-yielding wells have been .-link. Let us suppose, 
however, that the unwatering of the well in the hot 
weather i> accomplished by a powerful engifle and pump, 
the work of excavating will he facilitated and the 
depth may be rapidly increased till either the inllow is 
greater than can be dealt with or practical considera- 
tion.- indicate that it is not worth while to go any 
deeper.” 

These remarks were consequent upon experience 
with the working of oil engines. For small poweo 
they had been found to be inexpensive reliable motors, 
that required no great amount of skill to run them 
Even with keros in e oil as the fuel it was obviously 
practicable to employ them for lifting water under 
favourable conditions, but when later on it was found 
that there was no difficulty in using the much cheaper 
liquid fijel which is imported into India, the possibili- 
ties of their employment were vastly increased. It 
was not very difficult to convince the Government of 



236 


LIFT-IRRIGATION. 


Madras, in the Irrigation Department, that experiments 
in this direction were well worth trying, and that in 
fact the time had arrived when the question of well 
irrigation might again be taken up with some prospect 
of doing useful work and of evolving means of making 
much greater use for irrigation purposes of subterranean 
water than had been previously possible. Moreover 
increased experience in the management of the indi- 
genous industrial work had led me to think that the 
mechanical inaptitude of the people of this country can 
be cured if proper means for training them are provided. 

One of the causes of the poverty of the people oV 
India is the little use they make of mechanical nppli-' 
antes and efforts should he made to effect a change in 
this direction. The great rise in the price of food- 
stuffs, accompanied as it is by an equivalent or even 
greater rise in the wages of the labouring classes, has 
brought many of t lie wealthier agriculturists to a simi- 
lar conclusion, and it is certain that in the next few 
years a great advance will he made by the substitution 
of oil and gas engines for bullock-power in many of 
the processes for preparing agricultural produce for the 
market. It is necessary that this opinion should gain 
ground and be more widely accepted and that mechani- 
cal engineer should* be induced to devote their 
ingenuity and skill to providing simple machines 
capable of being driven by engines of a few horse- 
power, for such operations a^ extracting oil from seeds, 
the juice from the sugar-cane, hulling paddy or grind- 
ing wheat. It i$ true that most of these operations 
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can be carried out in an extremely satisfactory manner 
if the scale of working is only sufficiently large, but 
the day for big enterprises of this kind has not yet 
arrived, and for the present it is desirable to provide 
special machinery which can be worked on a small 
scale and which can be purchased and set in operation 
with the comparatively small amount of capital which 
as yet is available among individuals. (Voperative 
enterprise is still a thing of the future and till that is 
realized our efforts must be directed to providing for 
the small capitalist. 

• Jt is true that there are many machines for doing 
Ihis kind of work already on the market, hut save in 
the case of sugar mills 1 do not think Jhat any of 
them are quite satisfactory and their use is not extend- 
ing as rapidly as would he the case if they were better 
adapted to the work they have to perform. Fortu- 
nately for lifting water the centrifugal pump is almost 
ideally suited to the work which it has«to perform. Its 
first cost is small, it is extremely simple and fairly # 
edicient and combined with the oil-engine there is 
likely to be a wide field for its employment in this 
country. 

It must not, howc\er, be imagined that the oil- 
engine and centrifugal pump# will replace to any 
appreciable extent the indigenous methods of lifting 
water. According# to the latest returns (for the year 
1905 — 1906J there are in the ryotwari tracts of the 
Madras Residency upwards of 028,400 wells in good 
working order and a further (51,000 out of repaid. 
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The number in the Zamindaris is not known, hilt the 
total for the whole Province may well be over three 
quarters of a million. To lift water from these wells, 
either the picottah or the country miiote is used, the 
number of special forms of water-lift being absolutely 
insignificant. Only a small percentage of these wells 
yield water sufficient to keep more than a single 
inhote or a single picottah at work. Not that many 
of them could not be made to yield a much larger 
supply of water, hut the owners either have not enough 
land to use the water on or are too poor to provide the 
labour necessary to lift the water. 

The idea, is generally prevalent tlj.it native 
methods of lifting water are extremely cheap «dnce 
the cattle must he kept under any circumstances, hut 
careful investigation shows that it is only true within 
certain limits and those limits have already been 
reached. Well cultivation is carried on to the 
utmost extent possible under the existing conditions 
{•ml if any great extension is to take place in Ihe 
immediate future, it must be by supplying the ryots 
with additional power for lifting water. At the 
same lime the cost of that power must be very much 
less than that they now pay for any woik done in the 
way of lifting water winch is beyond the capacity of 
the cattle they keep for general agricultural purposes. 

Jt is therefore a most important matter that we 
should endeavour to ascertain the actual cost of lift- 
ing water by native methods and at the outset it may 
bV conceded that within the limits already referred 
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to the ryot can lift water fairly cheaply. The <jues- 
tion is what. he will have to pay, and what does he 
pay, for lifting water when cattle have to be kept 
specially for the work, or when he has to hire cattle. 
Five and twenty years ago at the Agricultural 

College Farm, Saidapet, Mr. Henson, as the result of 
long and careful trials, came to the conclusion that 
the cost of keeping a pair of good cattle amounted 
to 12 annas per day and that they were capable 
of lifting 210 cubic feet of water to a height of 23 
feel for S hour* a day. Or in other words 4,000 

.cubic feet of water could he raised one foot for one 

'anna, or an acre-inch of water could he raised 

23 feet for Us. 1-0-8. In the last 23* years rates 
iiave ri^-n \ery considerably and the cost of lifting 
water ha- increased, so that under the conditions of 
Mr. Ben-»>n\ e-d inode it is hardly likely that 3.000 

cubic feet can now hi* raised one foot for one anna. 

•. 

Simple as the problem may seem, it is extremely 
difficult to imd out how much work is done by a pair* 
or 'attic under normal conditions. Any attempt at an 
experiment interfere.- with the normal conditions, the 
efficiency is temporarily increased and better results 
are obtained than are possible without some kind of 
special supervision. Two years ago I made some 
enquiries in the Chingleput district and 1 found that a 
fair day’s work for*a single mhote was as follows : — 

On ji lift of 20 feet, using a bucket holding 20 
gallons of water, 30 lifts per hour would be made for 9 
hours a day. The minimum cost of keeping the cattle 
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was Ks. io a month and the usual rate for hiring them 
was Ke. 1 per day. Taking the minimum tigure this 
works out at 2,1 (JO cubic feet lifted one foot for one 
anna. These figures are corroborated by some data 
collected by the late Mr. H. A. Moss who was Execut- 
ive Engineer in the same district. In a report on 
“ Wells and Well Irrigation in the Fhingieput district ” 
he states : — 

“ Water is usually raised by picottnli when the 
lift is 1 j feet and under, when more, bullock mhotes 
are used. The cost of raising water for about f> to 10 
feet is about 4 pies per thousand cubic feet per one foot 
lift. From 10 to If* feet the cost, comes to about .* pies 
and from If* to 20 feet it is about (J pies per thousand 
cubic feet per one foot lift.” 

The rhingleput district is in no way exceptional 
and the figures obtained will more or le>s apply to the 
rest of the country. Any great exactitude F impossi- 
ble. but it will not be far from the truth then to put 
the cost of lifting water either by means of thepicottalr 
or the mhote at one anna for e\ery 2,000 cubic feet 
lifted one foot. I'nder favourable conditions and with 
water-lift> specially adapted to the work better results 
than this can be obtained. For instance, in South Arcot, 
where there is an abundant water-supply at about If* 
feet below the surface of the ground, double mhotes 
worked with a rotary whim are largely in use and are 
very much more efficient thafa the ordinary water-lift 
in other parts of the country. It is not, however, with 
the extremely favourable cases that we have to deal. If 
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lift irrigation is to be extended largely the conditions will 
generally be more difficult to deal with than has hither- 
,to been the case and the means provided must be capa- 
ble of working under a fairly wide range of conditions. 

During the last four years, through the agency of 
the Irrigation Pumping Department, we have been grad- 
ually introducing the use of oil-engines and pumps 
for irrigation work and have tried them under a great 
variety of conditions, many of them being extremely 
unfavourable and none of them ideal. I do not pro- 
pose to burden this paper with technical details, as evi- 
dence regarding the statements which will be made is 
furnished in full in the various official reports which 
/rom time to time are issued by the Department. 

Oil-engines and pumps are only economical and 
their employment therefore can only be recommended 
when the quantity of water to be dealt with is fairly 
large. If a well yields a thousand cuT>ic feet a day, it 
will give ample employment for a rnhote, but to makfc 
it worth while to instal an engine and pump the yield 
should be not less than 10,000 cubic feet a day for the 
greater part of the year. It is true that engines 
and pumps are working, and working at a profit, where 
the supply falls below this flrnit, but the circum- 
stances are more or less special and it is doubtful 
if they could We repeated indefinitely. The fol- 
lowing figures taken from the administration 
Report of 1 906-07 show what has been the actual 
20 st of working at a number of installations : — 

16 
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Melrosapuram 

Number of cubic feet of 
water lifted 

one foot for one anna 

1906-07. 1905-06. 

... 3,900 

Kadiam patti 

... 4,013 

6,400 

Villupuram 

... 3,230 

5,800 

Cuddalore 

... 9,370 

6,750 

Saidapet 

... 8.300 

4,126 

Katalai 



6,500 

Bezwada 

... 3,340 

3.200 


In the report for 1905-06 it was shown that under 
very favourable conditions a small oil-engine and pump, 
dealing with 210,000 gallons of water per day on a 
lilt of 25 feet, could raise 13,500 cubic feet one foot 
for one anna. This may be considered a maximum sel- 
dom if ever attained under actual working conditions. 
The figures given in the table fall very far short of the 
ideal, but the woist are as good as the best that can be 
obtained from cattle-power and the best show that 
water can be lifted at from one-third to one-fourth the 
cost of doing it by cattle. The larger the scale of 
pumping operations, the more cheaply can each unit of 
work be done whilst the indigenous methods of lifting 
water are only applicable on a very small scale and 
would utterly break down if any attempt were made to 
use them for lifting large quantities of water. 

In the report by Mr. Moss already alluded to 
some information is given regarding the duty of water. 
He says : 
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ft The cost of irrigating paddy from wells alone is 
expensive especially when the rainfall is at all deficient. 
On the other hand, the return per acre from well-irri- 
gated paddy is much more than from that irrigated by 
tanks and channels. It is generally half as much 
again and may be even twice as much, six months 
paddy usually requires 40 waterings of about 2,000 
cubic feet per acre. The cost from a well about 1 5 
feet deep may be taken at one rupee per watering. 
If the land is far from the well it will be more, owing 
to the loss by absorption. If the rainfall is bad, GO 
waterings would be required and the outturn without 
the rain is always deficient. As the water in the well 
will be low the return to the ryot is very small and 
paddy is not worth cultivating under such circum- 
stances. 

Four months paddy requires usually 30 water- 
ings at a cost of about Rs. 30. The eo$t of watering is 
less than that for G months paddy but the return in 
‘Train is less M 

The average area irrigated by a well is about 3 
acres and as paddy requires more water than any other 
crop grown under wells, it is obvious that the average 
yield of the wells is less than tlyit which can be deduc- 
ed from observations on paddy cultivation. Taking 
Mr. Moss’s figures we find that 1,333 cubic feet of 
watei per day are required for 3 acres of paddy. It is 
therefore probable that the average yield of the wells 
in this presidency is not more than 1 ,000 cubic feet 
per day and in many cases it is certainly less than this. 
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In the large irrigation systems where the distribution 
of water is under proper control, the duty of water is 
from 90 to 100 acres per cubic foot per second, that 
is to say, a continuous flow of one cubic foot per second 
will irrigate from 90 to 100 acres of land. The water 
used by the ryot yields a duty of 1 95 acres, or practi- 
cally twice as much, and this is probably the best result 
that can be obtained, as we may be fairly certain that 
the accumulated experience of many generations of 
paddy growers instinctively prevents the Indian culti- 
vator from using too much water. Tn the note on 
“ irrigation by pumping from a well at Melrosapuram ” 
published as an Agricultural Bulletin, the data collect- 
ed at that station are furnished, and they corroborate this 
estimate. The high figures at Melrosapuram are large- 
ly due to the uk* of masonry channels for conveying 
the water from the well to the field. Even to the ryot 
the loss of water .by soakage from bis channels is a seri- 
ous matter, though the land to be irrigated is close to 
the well. To the man who uses an oil-engine and 
pump it is still important as the length of channel is 
much greater, and generally it may be assumed that 
the larger the irrigation system and the greater the 
area deriving its water from one source of supply the 
larger will be the percentage lost from the canals and 
the distributaries themselves. 

The cost of lifting winter for irrigation by mechanic- 
al means depends very largely upon the continuity of 
the supply and the number of days during the year 
on which water is 'supplied. Interest and depreciation 
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bulk very largely in the total cost of running the plant 
and an economical result can only be obtained when 
the percentage of working hours is large. The ryot in 
une way or another pays from Rs. 5 to Rs. 8 a month 
for the irrigation of an acre of land. In most cases 
this heavy charge is not severely felt, as it is met by 
the utilisation of what would otherwise be bye-products, 
but as soon as these bye-products are exhausted the 
Full cost is felt and the ryot realises that it is impossi- 
ble to grow the ordinary crops at a profit. With oil- 
engines aud pumps the cost of irrigation varies consid- 
erably and for small schemes of from 20 to 4u acres 
it may betaken that the irrigation will cost from 
Rs. 1-8-0 to Rs. 3 per month. Tim largor the scheme 
:he lower the cost of irrigation will be; the best result 
being that which will probably be obtained in the Divi 
Island Pumping scheme where 50,000 acres of land 
mv to be irrigated and where the water may have to be 
lifted to a maximum height of 10 feet? It is estimat- 
ed that the working expenses will not amount to mori 
:hrin Rs. 2 per acre for the season or an average of 
rbout 8 annas per acre per month. As a lift irrigation 
scheme, the Divi Pumping Project is exceptional in 
•egard to the size of the plant and the extent of the 
irea irrigated, hut in many places along the Coast 
:imilar schemes of a smaller character are practicable, 
md where the liflMoes not exceed 10 or 12 feet paddy 
mltivatjgn may be carried on profitably. For the 
nost part, however, pumping will not be under such 
favourable conditions, the lift will jisually be greater, 
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the supply irregular and the plant much smaller. 
Even if paddy cultivation pays, there is no reason why 
it should be encouraged, as other and more valuable 
crops can equally well be grown. People who have the 
enterprise to instal engines and pumps generally take 
a great deal of interest in the cultivation under them, 
and as usually they have some command of capital, the 
tendency is to go in for intense cultivation and to grow 
crops which yield a very much larger profit per acre 
than can possibly he obtained when the common food- 
grains are cultivated. So far sugar-cane, plantains and 
ground-nuts have yielded the best result*, but large, 
profits are also made in the cultivation oflobacco, tur-' 
meric and the ordinary garden crop*;. A supply of 
water which can be relied upon all the year round is 
practically wasted if it is not utilized for crops which 
require water the whole year through. These are the 
crops which yield the largest return to the cultivator, 
partly because \he extent to which they can he grown 
is limited, and partly because their cultivation necessi- 
tates the possession of a considerable amount of capital. 
With a perennial supply of water under engines and 
pumps the gross return from the cultivated area ought 
to be never less than Its. 100 an acre, and it often 
amounts to two or three times this sum. 

When the Experimental Pumping Department 
was first started, the impression generally prevailed, 
among those who were be$t acquainted with the 
agricultural conditions of the country, that the 
scope for its opeijfttions would he extremely limited 
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because of the difficulty of finding sites where a suffi- 
cient water-supply could be obtained combined with 
landholders in the neighbourhood who would have 
sufficient capital to avail themselves of it. The fact 
that there are now about 100 pumping plants at work* 
in the Madras Presidency is evidence that there is a 
much wider field for their employment than was 
anticipated, and the investigations which have been 
carried on, before installing these plants, have put us 
in possession of a large amount of information of a 
most satisfactory character. Certainly there will be 
absolutely no difficulty whatever in irrigating hundreds 
of thousands of acres by engines and pumps if only 
the capital required to lift the water can^e found, and 
the ryots can be taught to make use of the water in a 
proper way. 

The great obstacles to progress are the poverty of 
the people and the extraordinarily^ minute way in 
which tl.» land is sub-divided. The smallest area 
which can be profitably cultivated by an engine aricl 
pump is from 10 to 15 acres, and the number of such 
holdings in one block is small. Still there is a 
sufficiently large number to enable a great deal of 
work to be done in exploiting this method of lifting 
water, and long before the possibilities of large hold- 
ings are exhausted, the owners of smaller holdings will 
perceive the advantage of combining together and by 
co-ope^tion securing to themselves the benefits conse- 

• November 1011. The number of engines and pumps is now 
nearly 400. ♦ 
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quect upon this cheap method of lifting water. I do 
not think it is any exaggeration to say that oil- 
engines and pumps will prove, and in fact are proving, 
extremely potent agents in the development of the 
material resources of the country. Already in some 
of the rural tracts the ryots are familiar with them, 
recognise their merits and regard them as desirable 
things to possess ; whilst those who have got them 
have been led to take a much deeper interest in agri- 
culture than they did before and being intelligent men 
with capital, their farms are becoming the centres for 
the diffusion of improved agricultural practices 
throughout the country. I am in hopes that in the 
course of a year or two it may be possible to form an 
Agricultural Association every member of which will 
be the user of an oil-engine and pump, the main 
object of the Association being to encourage the exten- 
sion of the use of such methods of lifting water and to 
supply the members with information which will en- 
able them to make the best possible use of the water 
at their command. So far Agricultural Associations 
in this country are an exotic growth and without 
official support few of them would be in existence. The 
Association I am contemplating will stand on a 
different footing, its members will all be agriculturists 
operating on a fairly large scale and keen to make the 
most of the capital they have put into their laud. 

The supplies of water sufficiently large, to give 
employment for engines and pumps are mainly to be 
found in the Coast»districts and along the margins of 
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some of the big rivers. In such districts as Coimba- 
tore, where well cultivation has reached its highest 
development on indigenous lines, there are apparently 
not less than 0,000 wells which will yield sufficient water 
to give employment to an engine and pump. They 
are mostly deep wells and the supply of water is deriv- 
ed from a thick layer of disintegrated rock resting in 
situ on the igneous or highly metamorphosed rocks 
which prevail over the greater part of that district. 
The well should invariably penetrate the. whole thick- 
ness of weathered rock as the water annually absorbed 
Viy the ground always tends to move down to the 
lowest layers of permeable rock. This is by no means 
the praclice of the ryot as the greai depihs at which 
Ihe water would stand in the hot weather would prove 
an insuperable barrier to extended use of -lie water. 
On the other hand in South Arcot, Chingleput and 
North Arcot abundant evidence has been obtained 
that over vmy considerable tracts of country the 
ordinary native wells can easily be improved so a. f . 
to yield enormously greater supplies of water than 
have hitherto been drawn from them. In these dis- 
tricts the water mainly occurs in vast beds of coarse 
sand which form subterranean reservoirs of consider- 
able but as yet quite unknown extent. In some cases 
the sand is covered by a comparatively thin layer of 
alluvial deposit arfd the water can be found by sinking 
wells fj|pm 1.5 to 20 feet deep. In other cases the 
sand lies at a considerably greater depth and is over- 
laid by impervious beds of clay* which have to be 
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pierced, to get at the water. In the South Arcot dis- 
trict between Pondicherry and Cuddalore these beds 
are more than 200 feet below the surface of the 
ground, but the water is under pressure sufficient to 
force it up the boreholes and form true artesian wells. 
To the north of Madras similar sand beds are found at 
a much smaller depth, but the pressure is not sufficient 
to constitute true artesian wells and the water has to 
be lifted in some way or other. Some hundreds of bore- 
holes have been put down in the bottom of existing wells 
and rather more than half have successfully ’tapped the 
sub-artesian water-supply. Most of the pipes are of 4"' . 
diameter and the yield of water varies from 50 to 200 1 
gallons per minute. It is probable that- in most cases 
a much larger How could be obtained by either insert- 
ing a pipe of larger diameter or by deepening the well 
and lifting the water from a lower level so as to dimin- 
ish the pressure against which the water is forced up 
from below. In one case two 7 " pipes have been put 
tiown and the yield of water is over 500 gallons a 
minute which is lifted out of the well by a 12 h. p. 
engine driving a 0" centrifugal pump. In nearly 
every case these improved wells will yield sufficient 
water to justify the installation of engines and pumps, 
but a^ yet the people are too poor and too dubious 
about the continuance of the (low of water to do any- 
thing in this direction. Ti^ a year or two they 
will he in a better position to realize lly» value 
of the water beneath their lands and may then he 
anxious to avail themselves of any means whereby they 
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can secure to a larger extent of land an unfailing 
supply of water. 

In the tract of country to the south of Pondi- 
cherry many hundreds of boreholes have been put down 
and the water-supply derived from the artesian beds is 
ver} r considerable and it is not improbable that to the 
north of Madras the development of sub-artesian water 
will be found to be of similar extent. In other places 
there is reason to suppose similar water-bearing depo- 
sits exist, but as yet they have not been explored and 
their capacity is entirely unknown. Where the 
'water-bearing sands occur nearer the surface and where 
the surface slope of the country is considerable they 
have been drained to some extent by ‘ spring heads * 
*or kfifumiH. These consist of a pond, often of consid- 
erable size, which has been excavated till I he water- 
bearing '•ands are reached. From the pond a deep chan- 
nel with a small bed-fall leads the water out on to the 
lower lands. This channel is generally a mile or two 
long and a good deal of the water drained from tlfe 
pol'd must be lost on its way to the land. The supply 
in the pond is apparently maintained by percolation 
from the beds of sand which lie at a higher level. 
The and in these Iramms is usually very coarse and 
the flow of water consequently very free. As a rule in 
the hot weather they dry up altogether, or the water 
has (o be lifted <Jut of them by baling with picottahs 
or mhotes. Unquestionably the installation of engines 
and pumps would enable a very much larger body^of 
sand to be drained of water and it js probable that in 
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most cases a perennial supply of water could be 
obtained in place of the present supply which is only 
sufficient for a single crop. 

Where the slope of the country is small it is 
obvious that irrigation by kasains is impracticable, 
but very extensive beds of coarse sand exist and have 
been tapped and tested in many places and at no very 
great cost it is practicable* to put in wells which will 
yield from 200 to .'WO gallons of water per minute. A 
considerable number of these have already been sunk 
and there is no doubt that they will steadily increase 
in number. It i< impossible to say what area of land 
is underlaid by these waterbearing sunds in the Madras 
Presidency, tout it certainly runs into thousands of 
square miles and there is probably water sufficient for 
the irrigation of *e\era) hundred thousand acres. The 
withdrawal of large (juantities of water will lower the 
level at which it is found, but there is fair ground for 
assuming that mo>t of these sand deposits are in direct 
connection with the main drainage line> of the country 
and every fre^h which passes down an adjoining river 
will tend to restore the original water level. 

There does not seem to be much hope that deep- 
seated artesian water-supplies will prove of value for 
irrigation. Jn the fjodavari district artesian water has 
been tapped in several places, — by mining prospectors 
in the Polavaram Zamindari, by the Madras Railway 
at EHore and by various people in the neighbourhood 
of Samalkota and Coeanada. At Ellore a borehole was 
put down to a depjh of 430 feet and cost nearly Rs. 
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1 3,000, whilst the yield of water does not appear to 
have been much more than about 3,000 gallons per hour. 

The sandy beds of most of our rivers are proba- 
bly the next most important source of water-supply 
and one which, as yet, has been but little made use of. 
The indigenous method of getting at the water is ex- 
tremely ingenious, but it involves the expenditure of 
a very large amount of labour. Channels or ditches 
are dug in the heds of the rivers with a bedfall consid- 
erably less than that of the river. In the upper part 
of the channel the water from the surrounding sand 
drains into the channel, flows down it and is carried 
away through a cut in the river bank. In some dis- 
tricts “doruvu” wells are employed to ^ome extent. 
They are wells sunk in or close to the river bank and 
derive their water-supply from the sand. Apparently 
the engineering work involved is beyond the ordinary 
ryot and such wells are not popular. Where they 
exist they require study and where tlTey do not exist 
it is desirable to encourage them as much as possible* 
it has always been assumed in the past that there 
was a slow tiow of water beneath the sand in the river- 
beds and it was tacitly accepted that the spring chan- 
nels probably drew off most of the available water as 
no large supply could ever Be obtained at any one 
point. A careful review of the evidence furnished by 
the partial failur# of several attempts to get at the 
water jp the sandy beds of these rivers led to an exam- 
ination of the conditions under which spring chan- 
nels work, and it was then found ^hat the prevailing 
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ideas were erroneous and that there is no flow of water 
in the sand of a river-bed except between pool and 
pool, where the slope of the water plane in the sand 
may be very steep. Below a certain level the sand in 
the beds of rivers is saturated with water which remains 
motionless unless a local hydraulic gradient is 
established sufficiently steep to cause the water to flow. 

Every cubic foot of sand below the saturation level 
contains rather more than 2 gallons of water, so that a 
square mile of sand 1 0 feet deep is a reservoir containing 
over 550 million gallons of water, or sufficient for the 
irrigation of a thousand acres of laud. Allowing for 
the fact that the sand in the river-beds is not always 
10 feet deep and that it is impossible to extract all the 
water from the sand but without taking into account 
any water 20 feet below the le\ el of the saturation 
line it is quite certain that for every square mile of 
river-bed we might have an equivalent of square mile 
of irrigation. The problem which remains unsolved is 
haw to get at this vast quantity of water. In this 
matter our experience is gradually ’increasing and one 
certain conclusion is that owing to the resistance which 
the sand offers to the motion of water it is impossible, 
except at great expense, to collect any large quantity 
of water at one point, tin the Ilagari river we found 
it a simple matter to obtain 150 gallons a minute and 
for a moderate outlay* we are drawing 750 gallons a 
minute from the river-bed, but to obtain more water 
than this at our pumping station seems likely to" prove 
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a difficult matter. 15y sinking wells in the river-beds 
it is found that in most cases a comparatively small 
well will yield 300 or 400 gallons of water per minute 
so that, if a large quantity of water is to be with- 
drawn, a large number of wells should be sunk at a 
sufficient distance apart to prevent one well materially 
interfering with another. In many cases these wells 
can be sunk inside the river bank, in others quite close 
to the bank and when this is practicable the pumping 
work may be done by power distributed electrically. 
To get at the water in the middle of the river-bed 
when the bed is very wide is a much more difficult 
matter and may be considered for the present outside 
the range of practical engineering. 

• All the experience we have gathered so far points 
to the fact that with brick wells from 12 to 15 feet in 
diameter we can get enough water to supply a 4" 
centiiiugal pump with a depression of the water sur- 
face of 3 or 4 feet. Some day I think^there will be a 
chain of such wells extending along both banks oH 
most of our rivers and at intervals of about 10 miles 
there will be electric generating stations supplying 
current to electro-motors to drive those pumps. 

The perennial flow of most of our rivers is already 
diverted by means of anicut# which in the upper 
reaches of the river, where the bed is rocky, are often 
very numerous. Still there are a few cases where the 
water-supply is wasted by being allowed to flow into 
the san?y expanses in the lower reaches of the rivers 
and the remedy is obviously to instal engines and 
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pumps. Of installations of this kind there are already 
one or two at work, and there would he more if per- 
mission to pump could he obtained. 

On the West Coast, in Cochin and Travaneore, 
there are extensive tracts of irrigated land formed hy 
bunding off the backwaters and draining them. The 
system of irrigation is of great antiquity, but of late 
years it has been modified by the introduction of 
pumping machinery and there are a large number of 
steam and oil engines now employed in draining these 
lands. A great deal of enterprise has been exhibited 
in this work but not much engineering >kill and un- 
questionably the lvole cultivation, as it is called, could 
be enormously improved by combining irrigation with 
drainage and by putting the operations in each section 
under one control. 

In some of the swamps along the coast and 
in lakes like the Kolair, between the Ivislna and 
Godavari rivers, there i> a considerable body of fresh 
tyater which only requires to be lifted a few feet lo 
render it available for the irrigation of the neighbour- 
ing lands. Years ago in the Kolair Lake and in 
the Lankas bordering on the Uppeteru river such 
cultivation was established under steam pump* and 
proved moderately remunerative, but gradually interest 
in the matter died out anti the pumping stations were 
abandoned. The successfuj working® of the oil-engines 
has revived interest in the matter and pumping has 
recommenced, all the available land being now brought 
under cultivation^ 
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In connection with the development of this 
modern phase of lift irrigation the improvement of ex- 
isting wells is a matter of great importance and if only 
a small percentage are found suitable for working with 
oil engines and pumps, the absolute number will be 
large and they may become important inasmuch as 
they will often oceur in those tracts of country which 
are most liable to be affected by the vicissitudes of the 
seasons. Owners of wells have generally some vague 
idea of the quantity of water they will yield, but they 
have very little notion as to the (jaantity of water 
which a 3" centrifugal pump will lift, and it frequently 
.happens they want to set up pumps when the water- 
supply is quite inadequate. The must satisfactory way 
r/f investigating cases like this is to first ascertain 
the yield of the existing well towards the end of the 
hot weather and then put down an exploratory borehole 
to determine the nature of the surrounding rock. The 
borehole will generally furnish suftietoit evidence to 
enable an opinion tn be formed as to whether it is -■ 
worth while to deepen the well. Sometimes the bore- 
hole taps fissures carrying water under pressure and 
materially increases the flow into the well ; sometimes 
it reveals beds of porous rock which only require open- 
ing out to yield a copious supply«of water. Where the 
rock is hard and the water is mainly found in fissures, 
the explosion of a charge of dynamite at the bottom 
of the borehole will sometimes materially improve the 
supply. 

As yet we have done very little work in this 
17 
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direction, but I am not without hopes from the ex- 
perience already gained that when wells can be sunk to 
a much greater depth than has hitherto been the 
native practice, it will be found that the inflow will in 
many cases justify resorting to pumping machinery. 
Where we can keep our engines fully employed, which 
means wherever we can command from 150 to 200 
thousand gallons of water per day, the depth from 
which it can be lifted, before this becomes an unprofita- 
ble operation, is much greater than is the case in ordi- 
nary well irrigation. With this the limit is about 
40 feet whilst 150 feet will probably he found practi- 
cable with oil engines and pumps. Tt is not so much 
the height* to which the water has to he lifted as the 
risking of a large capital outlay in what must of neces- 
sity always he an uncertain undertaking which makes 
it at present doubtful whether sinking wells to any 
very great depth is to be encouraged, hi some cases 
we have found that a very slight addition to the depth 
of a well enormously increases the inflow and it ii" just 
at this point that native well-sinkers have to stop as 
the unwatering of the well becomes an exceedingly 
difficult operation when only inhotes or picottahs can 
be employed. 

Where the water is contained in sand it is 
not difficult to frame an estimate of the cost of 
getting at a certain fjuaptity of the water and we do 
so by putting down an exploratory borehole to ascer- 
tain the thickness of the deposit of sand, which sand is 
itself examined, to determine the size of the grains of 
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which it is composed, but with wells sunk in rock we 
are in no such satisfactory position. We have but 
little more knowledge and much less experience than 
the professional well -sinkers of the country; and we 
shall have to make many experiments before we can 
teach the people of this country anything. To this 
end w r e have recently ordered a portable petrol-pump- 
ing plant which can easily be carried about and can 
be put down any well and used either for baling during 
construction work or for observations on the rate of 
inflow. The Government of Madras have also sanc- 
tioned a suflicient >mn of money for a systematic series 
.of tests as to the advantage or otherwise of torpedoing 
boreholes sunk in hard rock. Our progress with wells 
df this type is not likely to be very rapid unless we can 
*<e'‘ure the interest and co-operation oi the mme intelli- 
gent men who are interested in the improvement of 
water-supplies for irrigation. Throughout the country 
there is doubtless a good deal of empirfbal information 
*he collection and study of which would he of value.*’ 
It would help us to make a hetter start, hut 1 do not 
think it will carry us very far on our way as the water- 
supplies, which we are searching for, must lie at a 
much greater depth than is within the range of indi- 
genous experience and to mal& them available we 
require an enormously greater supply of power than has 
ever been at the disposal of the owners of wells in the 
past. 

The*Tinancial aspects of this method of lift irriga- 
tion have already been dealt with to some extent when 
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we were discussing the relative cost of lifting water by 
the old and by the new methods, because in the 
figures given for the new methods a full and proper 
allowance has been made for interest and depreciation 
of the capital outlay involved in setting up a plant. 
In an appendix to this paper will be found figures 
giving the actual cost of a number of a installa- 
tions which have been set up. The cost, per acre 
brought under irrigation varies considerably. Tt may 
be as low as Its. ;>0 an acre or as much as Its. 200 an 
acre, but obviously for high-cla«s cultivation where the 
yield per annum may be valued at Rs. 100 or Rs. .">00 
an acre it may pay very well to expend a great deal, 
more than ,Us. 200 per acre to get a good supply of 
water. In (the Deccan, under some canais near 
Poona, Ks. oO per acre ic the water-rate on land 
growing sugar-cane, and in this Presidency many 
gardens and plantations could easily stand a water-rate 
of a similar amount. It would have afforded me \ery 
•great satisfaction to have presented accurate figures 
regarding the working expense* and return on a num- 
ber of farms where this new system of lift irrigation 
prevails, hut no one cares to furnish them. There is, 
however, ample evidence that it is very profitable and 
th( best indication tliAt it is appreciated is to be found 
in the fact that the rate of increase in the number of 
installations is greatest in those places where the num- 
ber is already largest or where they have been longest 
at work. In ordinary years and under normal condi- 
tions, given a sufficient water-supply, there should he 
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no difficulty in turning it to very profitable account, 
but often with oil-engines and pumps the greatest pro- 
fit will be made in years when the season is unfavoura- 
ble, scarcity prevalent and prices high. 

In many cases oil-engines and pumps may be 
used to supplement other sources of supply and con- 
vert agriculture of an uncertain type into one of great 
certainty. One of the earliest installations in this 
Presidency was erected on the banks of the Oauvery, 
■fmni which river the water-supply to the pump is 
derived. The lands ordinarily depend upon channels 
from the river for irrigation fcater, but this is extremely 
•uncertain, and partial or total failure of the crops 
occured at such frequent intervals that tlfe owners of 
tfie land domed nothing from it and the ryots who 
cultivated it earned n precarious livelihood. Over a 
tract of 300 acres a 12" pump has completely changed 
diis. The natural water-supply maj fail, but the 
pump is there to take its place and the whole area 
c,4‘» be converted to perennial irrigation. The owner* 
repoits that during the last eighteen months 55 acres 
have been under plantain cultivation and have yielded 
a gross return of over Ks. 400 per acre, or about 
one-and a-half times the whole of the capital outlay 
on the pumping plant. In a good year the return 
from paddy cultivation would have been about Ks. 50 
per acre and the nt*! profit very small. Under plan- 
tains the^net profit on the 55 acres must have been 
sufficient to pay 50 per cent, on the initial expenditure. 
The area under perennial irrigation, auch as plantain 
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or sugar-cane, would have been much larger, but it is 
restricted to GO acres at this place by the Revenue 
authorities lest the water-supply to lands lower dowft 
the river should he interfered with. 

From the figures given in the appendix it will be 
seen that the minimum cost of a pumping installation 
is about Rs. 2,000, and the actual out-of-pocket work- 
ing expenses, being the necessary expenses for fuel, 
lubricating oil, stores and repairs, will be about Rs. f>0 
a month. The installation of engines and pumps i> 
therefore a financial operation of considerable magni- 
tude even with comparatively wealthy ryot- . Very 
few, if any, have sufficient ready money, and a certain' 
number of installations have been paid for by loans 
under the Agricultural Land Improvement Loans Act, 
such loans being usually repayable in twelve annual 
instalments. This method of financing these pumping 
schemes would 4 h*» entirely satisfactory were it. not for 
the difficulty which the borrowers experience in finding 
the necessary security. My experience is that the major- 
ity of the Applications for loans are rejected for this 
reason and it may possibly be desirable in flic future to 
amend the Act so as to provide greater facilities for ob- 
taining loans for the purchase of engines and pumps. If 
the machinery could betaken into account when assess- 
ing the value of the security for the loan, there would be 
no difficulty and loans woujd be* freely applied for. 
Greater success has attended the sale of engines and 
pumps under the hire-purchase system which has been 
worked out by 'Messrs. Massey ik Co. Under this 
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method the would-be owner of the pump has to pay 
one-fourth of the money down and the balance in 
instalments generally extending over two or three 
years during which time he has to pay 9 per cent, 
interest on the balance debited to him. He is thus 
able to get his engine and pump for a comparatively 
small initial outlay and to pay the balance out of 
profits accruing from the use of the pump. So far the 
system of working has proved satisfactory and it is 
probable that it will be resorted to very largely in the 
future when it becomes more generally recognised that 
irrigation under oil-engines and pumps can be 
• made a very profitable business. The hire-pur- 
chase system is a very vicious one ^hen applied 
fo afford facilities for the purchase of unproduct- 
ive goods by those who cannot afford them, but it 
has distinct merits in some cases and is an extremely 
simple method of financing small industrial undertak- 
ings as if provides the small capitalist with the 
c juivalent of money on fairly easy terms. It is possi# 
ble that a great deal more might he done in this way 
if Government took the matter up, purchased the 
engines and pumps themselves and sold them on easier 
terms than priwite firms can do. The risk of loss will 
he very small as the engines arifl pumps would remain 
the property of Government till they are fully paid for, 
and i hey would *never he sold except for use under 
conditions which after investigation by the expert 
officers of Government are reported to be satisfactory. 

The number of oil-engines in use in this Presi- 
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dency for minor industrial undertakings as well as 
for lifting water is growing rapidly and there has 
naturally sprung up a rather keen demand for men- 
capable of driving the engines. The extreme 
simplicity of the oil-engine renders it possible to 
train fitters to look after them in a few days and 
there has never been any great difficulty about 
getting drivers, but a good fitter is rather wasled when 
put to drive a small oil-engine and his pay adds quite 
unnecessarily to the working expenses. In Madras we 
have started a school for Oil-engine Drivers, where 
practical instruction is given in the driving of various’ 
kinds of oil-engines and the pupils are put through an * 
elementary course of fitting so as to enable them to 
take the engine to pieces, clean the parts and fit them* 
together again. Anything more than this it is not 
considered necessary that a driver Omuld know. If 
the engine really gets out of order, it is better that it 
should be overhauled by a skilled mechanic and the 
driver in charge of it should be nothing more than a 
driver. A good many people, who have bought engines, 
have sent their men or servants up to this school to he 
trained, and after a course of instruction lasting from 
3 to 6 month- they are generally found quite capable 
of looking after the engine. In this way Oil-engine 
Drivers can be provided at a cost no greater to the 
owner than if lie had to provide a mifn to look after a 
pair of bullocks. With large engines the saving in 
this direction is not a matter of much importance, but 
with small plants the fact that local men could b e 
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trained to do all the work that is necessary has tended 
much to increase the popularity of these engines. The 
Engine Driving school was originally started in the 
School of Arts, but it has now been taken over by 
and forms part of, the Ohengelroya Naiker’s Technical 
Institute. The class is popular as the men who pass 
through it can always obtain work. 

The fact that large monetary transaction < are in- 
volved wherever oil-engines and pumps are set up and 
where the fuel for working them has to be purchased 
and paid for in cash lias in a remarkable way led to a 
'more definite appreciation of the monetary value of 
irrigation. This is .-'till more emphasized by the rise 
in the price of food stubs and tlie tendency to pay 
farm labourers in cash instead of in kind. The farm is 
no longer so self-contained as it was, the wet king ol it 
necessitates transactions outside the village and the 
crops have to be selected by the ryots not merely with 
a view' to their own internal reijuirenltnts and to meet 
the demands of Government and the District Hoard, 
but also to meet the. charges connected with the work- 
ing of the engine. Outside markets have to be studi- 
ed to a greater extent than fonnerly and the cultivator 
is brought into more intimate contact with the outside 
world. ( >f course the movement is a very small one 
#it present, but the tendency is one in the right direc- 
tion and should ifltimately conduce to the development 
and education of the agricultural community. 

In the South Arcot District where more pumps 
have been litted up than in any other part of the 
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country and where nearly all the wells have an un- 
failing supply of water, the owners of pumping plants 
are beginning to raise water and sell it to their 
neighbours when they do not want it themselves. At 
the Panampet pumping station which was leased 
to Messrs. Parry & Co, two systems of celling water 
were tried. Ground-nut crops were irrigated for 
Ps. 5 per acre per month and for other crops the 
whole supply of the pump was sold to any ryot who 
wanted water for a fixed rate per hour. This 
practice is very largely in vogue in the Western 
*States of America where water for irrigation is a * 
vital necessity, and if it is once recognised in this , 
country that,, water is a commodity which can be 
bought and sold, it will probably greatly .simplify' 
some of the problems connected with the develop- 
ment of this kind of irrigation. Where the water- 
supply is very abundant and where the ryots ha' e 
no capital and the land is sub-divided into small 
pjots, it might be practicable to establish local 
water-supply companies who would raise water and 
sell it to the ryots either for a share in the produce of 
the land, or for a fixed rate per unit of volume or a 
fixed charge per acre irrigated. If anything of thi> 
kind is to be brought ahfbut, it will probably he neces- 
sary for Government to pioneer the way and to provide 
sufficient legal protection to induce capital to flow in 
this direction. 

It must be recognised that only in a few places 
will ; t be possible to pump large quantities of water 
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from a single source of sup] >ly. The wells must be 
numerous and it will probably be found most economic- 
■al to have a single power-generating station and to 
distribute the power electrically, driving centrifugal 
pumps with electro-motors. Large power-stations are 
much more economical than small ones, and it is quite 
possible to put in motors and pumps that require no 
more supervision than that a man should go round and 
oil them once a day. Such water-supply corporations 
exist in America and have worked successfully for 
years past, and it is quite certain that there are no 
engineering difficulties worth speaking of. On t.he 
other hand in India, it will require an immense amount 
of tact and patience t<> get the advantages of such a 
* system acknowledged. To make it profitable, intensive 
cultivation must be adopted, and even if tin- capital is 
forthcoming to enable this to be carried on, it is doubt- 
ful if the ryots possess the requisite experience to make 
it a succe.v*. After studying the question of the better 
utilisation of subterranean water for but. a very slnvt 
time T am convinced that there are no serious difficul- 
ties from the Kngineers point of view, either as to a 
sufficiency of supply or as to the cost of raising it 
above the ground so as to make it available. On the 
other band, thp practical administrator, who would 
like to make use of this water and apply it to the land 
so that the peopte may be placed in a position which 
will enable them to carry on their agricultural work 
with a fair amount of certainty, will find the achieve- 
ment of bis wishes a task of extreme difficulty. 
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The purchase of land is a favourite form of invest- 
ment in this country and the line of least resistance 
seems to lie in the direction of encouraging people 
who have amassed wealth to purchase land which is 
capable of improvement and to reserve a considerable 
amount of their capital for the improvement of the 
land they have purchased. .Money invested in land 
yields a very poor return, hut, judiciously invested in 
the improvement of land, the resuits are likely to be 
much more profitable and the value of the land perma- 
nently increased. The work which is heing done in 
this direction by men like Mr. (iopinatha Tawkei, at, 
Surapet, Mr. Tota Ramanujam ('netty, at Katalai, Mr. 
Panduranga Mudaliyar, at Cuddalore, Mr. Tilla <to- 
\inda (frarnani, at Xellikuppam. Mr. Abraham Pandi- 
ther. at T mjore, and by many others, is pioneer work 
of the utmost public \alue and deserves recognition at 
the hands of their fellow countrymen. 

Irrigation hf pumping is still in its infancy, hut 
l^e >nccess which has already attended the earlier 
installations renders it certain that it will grow rapidly 
and there is a vast field for it in Southern India. What 
has been accomplished s,-> far is the direct result, of the 
modern de .dopments of the internal combustion 
engine in its \arious form>, and there is reasonable 
ground for Imping that further improvements may be 
effected in the future rendering motive power still 
cheaper and pumping appliances mor° effective. 



CHAPTER X'T. 


IRRIGATION BY PUMPING* 

One of the many difficulties which have to he 
faced, by those who are striving to improve the econo- 
mic* situation in the South of India, i> the high price 
which has to he paid for fuel, owing to the fact that 
nowhere south of Singareni in the Hyderabad State 
has coal been found to exist in workable deposits. The 
few possible sites, where water-power can be obtained, 
are in remote and almost inaccessible situations, and 
the tune has not yet arrived for the* vast schemes 
which must be worked out to enable such of those 
natural sources of power as we possess to he utilised. 
Miieli must be done before a rival can be set up to the 
great electric system of power distrilnition which the 
Mysore Slate has created within its own territory. 
There are no great engineering difficulties to be faced, 
and the generating stations could be set up cheaply 
enough. The difficulties are due to the lack of indus- 
trial organisation and the petty nature of the widely 
scatteied demand for power which would render the 
cost of distribution prohibitive. I'nder these circum- 
stances the internal combustion engine, which has 
lately been brought to such a high degree of perfec- 
tion, has proved an ideal source of motive power. 

• Contributed to the Industrial Conference held in MadrasTin 
December MW. 
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Within the last year or two, hundreds have been pur- 
chased and are now supplying power for pumping 
water for irrigation, for the water-supply of towns, for 
drainage works and for driving rice hulling machinery, 
oil mills, coffee pulpers and tea-making machinery. 
For a variety of miscellaneous purposes t hey are also 
employed, but. in the main for those already specified. 

So long as liquid fuel is available at somewhere 
about the present prices the ordinary type of oil 
engine is the most convenient form of internal combus- 
tion motor to employ for small powers, hut for units of 
over 20 h. p., especially in the neighbourhood of 
forests where timber is cheap and charcoal can be 
manufactured in large quantities, the suction gas 
producer plants are unquestionably superior; whilst in 
special cases, where \ cry large amounts of power are 
required, the Diesel form of oil engine working with 
liquid fuel furnishes the most economical motor at 
present available. Kerosine oil is too expensive a fuel 
t > employ in oil engines and the continuance of the 
supply of liquid fuel at the present prices, or in fact 
at any reasonable price at all, is by no means a certain 
matter. It is therefore desirable that as far as possi- 
ble efforts should be made to extend the field in which 
suction gas producer plants can he employed with 
advantage. It is important to remember that the 
charcoal they need is a lo^al product, an extensive 
demand for which would greatly benefit the very large 
areas of reserved forest in this Presidency. It would, 
] think, be almost a fatal error to build up an indus- 
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trial system in Madras based upon foreign sources of 
fuel supply and the oil engine should be regarded 
as a temporary expedient which must ultimately give 
place to engines using gas. Obviously therefore we. 
in Madras, should devote ourselves to the introduction 
of suction gas producer plants and the improvement 
of the methods by which the wood in our forests and 
plantations may be converted into charcoal and the 
various bye-products for some of which there is a 
considerable demand. The destructive distillation 
of wood is a chemical industry of considerable im- 
portance in other parts of the world where the natural 
facilities for carrying it on are no greater than 
those which exist in the south of India. For more 
than a year past, it has therefore been the subject 
of detailed study and investigation with very promis- 
ing results. Vnfortunately it is n highly specialized 
industry of which we po*sess no experience in this 
country .vid if it is to be worked with commercial 
success it must be started on a large scale. Ttye 
enquiries made out here must therefore be. supplement- 
ed by fmllier investigations in Europe and America 
before it can be definitely stated that it would be wise 
for private enterprise or Government to provide the 
founds required for the first factory. 

In the present paper I do not propose to pursue 
these ideas any farther, as it. would lead us into the 
discussion of highly technical matters which had best 
be leff for the consideration of experts. Last year one 
oi the papers, which 1 presented to the Industrial 
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Conference held at Surat, dealt with lift irrigation and 
I would ask you to regard this paper as a second 
contribution on the same subject. My excuse for 
bringing it forward again after so short an interval is 
that it is one of great importance and the movement 
in favour of employing mechanical means for lifting 
water is making rapid progress. Experiments were 
first started early in 1902 and at the end of the 
following year the results obtained were considered 
sufficiently valuable to justify working on a more ex- 
tended scale and a special stall was pro\ ided to carry on 
the work. In April 190,*> eleven oil engines were at 
work, in 190(1 thirty-five engines, in 1907 fifty-four 
engines and in 190N ninety-four engines, whilst at the 
present time (December 190 N) it is probable that there 
are about lf>0 engines either actually pumping or in 
course of erection. During these fi\e years the Madras 
Government have expended upwards of a lakh of 
rupees on this t.urk, chiefly in maintaining an estab- 
lishment to assist private persons in installing such 
means of lifting water and in putting down boreholes 
to ascertain whether water-bearing strata exist at any 
reasonable depth below the surface of the ground. In 
a small way experiments have also been made to ascer- 
tain the effect of torpedoing. or blowing up with dyna- 
mite, boreholes put down from the bottom of the large 
rocky wells which are fouqri in many purls of this 
Presidency. 

A* not a few insllations have been at work for a 
considerable time it ought to have been possible to 
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have collected a large amount of valuable information 
regarding their working ; but unfortunately my efforts 
in this direction have met with but a small degree of 
success. This is for two reasons: (1) Many of the 
owners of engines and pumps are averse to giving any 
information regarding them, as they fear it may be 
subsequently used to their detriment whenever the 
next revision of the settlement occurs, and (2) others* 
and they probably form the majority of pump owners, 
see no necessity for keeping accurate accounts, and as 
no small part of their transactions are still in kind it is 
difficoll to get at the real facts. However they express 
themselves satisfied with the working of their engines 
and pumps and their neighbours are following their 
(•sample, so that it may be concluded that they have 
done well by themselves. Already the number of 
pumping stations is so large that it is impossible to 
keep in touch with them all and I am unable to 
supply any accurate summary of the #ork which they 
are doing. The total horse power is over 1,200 and* 
the total capacity of the pumps nearly five million gal- 
lons per hour. If our estimates regarding the quantity 
of water which should be supplied to dry crops are at 
all accurate this volume of water for ten hours per 
day would suffice for the irrigation of about 11,000 
acres, but it is quite certain that the actual area 
irrigated is far below this figure. This is partly 
due to the fondness of the ryot for cultivating 
paddy, tfhich requires a very large quantity of water^ 
but from which, at the present prices, he derives con- 
18 
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siderable profits even when the water has to he lifted 
by an engine and pump. It is probable that about 
5,000 acres are irrigated by engines and pumps and 
the whole of this area is either double cropped or 
devoted to the cultivation of such crops as sugar-cane, 
plantains, and turmeric which remain on the ground 
throughout the whole year and which yield very large 
returns. 

From the details of cultivation, furnished by the 
owners of pumping plants and carefully scrutinized 
by my Supervisors, it will be seen that the irrigators 
are inclined to adopt a very intense system of cultiva- 
tion and that as a rule the gross value of the crops per 
acre is seldom less than l\s. l()l) and often a great deal 
more. The necessity for artificial manures has been 
forced upon the attention of the cultivator- and a 
good deal of experimental work is in progress to deter- 
mine the best way of preventing the exhaustion of the 
^oil. There is a tendency to use too much water, a 
mistake seldom made when it ha^ to he lifted by cattle 
power or by men working picottahs. Thir* is due, in 
jno<t cases, to the owners of wells being able to obtain 
more watet than they really require for their land 
and the remedy will ptobably be found in the more 
extensive adoption of the system of selling water, which 
has already been introduce^. TiiPuOwners of most of 
the pumping stations are intelligent and energetic men 
with capital at their dl-po-al, and any us-i-tanfee which 
can be given them bv the Agricultural Department is 
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likely to prove labour well spent and to be productive 
of good results. 

The following notes regarding the working of 
a number of installations have been compiled 
from information supplied by the owners of en- 
gines and pumps. The data have been care- 
fully checked and I think they may be regard- 
ed as sufficiently accurate for practical purposes. In 
very few instances have any records been kept of the 
number of hours the pumps were at work so that the 
figures regarding the cost of working afford no infor- 
mation as to the actual cosi of lifting water. In almost 
every instance it will be *een that the cost of lubricat- 
ing on is a very large percentage of the* cost of run- 
ning the engine and there is reason to suspect that in 
this direction there is considerable waste. This is 
counterbalanced, however, by the low cost of wages : — 

(1) Installation ofu7J; h. p. engine and 4 " 
pump at Kalinjikuppam. This was put down by 
M. K. Ry. V. Dc>ikaeharri, a retired pleader at 
Tiruvcndipuram in the South Areot district. The 
well is 20 feet in diameter and 20 feet deep, and it 
irrigate* IS acres of laud which was formerly dry. 
Dealing with the year ending September 1008, 8 acres 
of paddy were grown between October arid .March and 
the value of the crop was Ks. 270. A second (Top on 
the same laud fletween May and August yielded 
K*. 180. Groundnut arid ragi were grown « n 10 acres 
between January and July. The groundnut crop w$s 
worth Its. 1,000 and the ragi Rs. 500, the total value 
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of the crops during the year amounting to Its. 2,250. 
The working expense?* of the engine amounted to 
Its. 552-8-0 made up as follows : — 

rs. A. r. 


Liquid fuel 

Wages of driver at Its. (> ji 
month 
Kerosine oil 
Lubricating oil 
Repairs 


300 0 0 

72 0 n 
24 o 0 
00 K 0 
0 0 0 


Total ... 552 8 0 


No accurate figure, ** ha\e been furuLhed regard- 
ing the cost i f cultivation, hut the following estimate 
is probably not far from the truth : — 

Its. 

Rach paddy crop at Its. 20 per acre ... .‘>20 
Cost of groundnut <*ulti\ alion at its. 40 
per acre ■ ... ... ... 400 

Cost of ragi culthatiori at Its. 25 per 
acre ... ... ... 250 

Total ... 070 


The total working expenses were therefore 
Its. 1,522— 8 — 0 and t'lie profit Its. 727 — 8 — 0. The 
cost of the installation was Its. 3,065. 

(2) Installation of a 5*b. h. p* engine and 3 in. 
pump at I'anamkuppam belonging to M. It. Ry. 
jyinivasa Gounden. The water-supply is derived from 
a well 6 feet in diameter and 20 feet deep and the 
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area cultivated is 20 acres of Land which was formerly 
dry. The whole area has been leased to ryots at a 
•rental of Its. 75 per acre and the net yield to the pro- 
prietor is Rs. 1,500. Ilis son drives the engine and 
the expenditure during the year was Rs. 250. Allow- 
ing Rs. 10 a month as the value of the services of the 
driver the gross profit on the installation amounted to 
Rs. 1,130. This is a very good return on the capital 
cost of the installation which amounted to Rs. 1,707. 

(3) Installation of a 9 b. h. p. engine and 4" 
pump at Nellikuppam belonging to M. R. Ry. S. Tilla 
Govinda Gramini. The well is 20 feet in diameter 
and 18 feet deep and derives its water from a bed of 
coarse sand. The water-supply is more than ample, as 
\ he area under cultivation is only 15 acres. Krom^Iarch 
to July the whole area was under groundnut and from 
September to January under paddy. The value of the 
groundnut crop was Rs. 2,(125 and of the paddy 
Rs. 1,575 making a total of Rs. 4,?00. The cost of 
working the engine amounted to Rs. (183-1-1 made up 
as follows : — 


Riijuid fuel... 
Rubricating oil 
Kerosine oil 
Repairs and belting 
Drivers wages 


RS. a. r. 
318 15 4 

1 38 2 (1 

47 7 (1 

58 8 0 

120 0 0 


Total ... 683 1 4 
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(Cultivation expenses amounted to Kh. 513-12-0 
for the groundnut crop and Rs. 597-3-0 for the paddy 
crop. Against a gross yield therefore of Rs. 4,200 
the expenditure amounted to Rs. 1,794-0-4 and the 
gross profit to Ks. 2,400. The cost of the installation 
was Rs. 2,750. 

(4) Installation of a 7-i h. h. p. engine and 4" 
pump belonging to .Mr. Balagurumurthy Ghetty at 
Runjerikuppam. The well is 17 feel in diameter and 
23 feet deep and the area under cultivation is 23 acres. 
Fifteen acres were under groundnut and subsequently 
under ragi, 5 acres under gingelly and 3 acres undei ' 
paddy. The value of the crop.- grown wa* as follow.- : — 


HS. 

Groundnut ... ... ... 2.2NO 

Ragi ... ... ... 720 

Gingelly ... ... ... 155 

Faddy ... ... ... 450 

Total ... 3.(105 

No accounts were kept of the cost, of running the 
engine or the agricultural expenses. but they may be 
estimated approximately as follows : — rs. 

Engine ... ... ... 000 

Groundnut crop ' ... ... GOO 

Ragi ... ... ... ... 375 

Gingelly ... «... , ... 10 

Paddy ... ... ... 120 


Total ... 1,735 
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This leaves a gross profit of Rs. 1,870. The cost 
of the installation was Its. 3,200. 

(5) Two installations belonging to M. K. Ry. 
•$. Panel uranga Mudaliyar of Cuddalore, one a 9 b. h. p. 
engine and 4" pump and the other a 9£ b. h. p. engine 
and 4" pump. Each of these installations works on 
a well 30 feet deep from which a certain amount of 
water is derived by percolation, but the main supply 
is derived from beds of sand in which the water exists 
under sufficient pressure to rise fc to within 15 feet 
from the ground. In both the well> the borings are 
lined with a 7" pipe, sunk in one case to a depth of 
• 84 feet from the ground level and In the other to a 
depth of 58 feet. The total area under the two in- 
stallations is 48 acres and during the year the follow- 


ing crops were grown 

• 







Crop. 

Area. 

Cultivation 

expenucH. 

Value, 



ACS. 

KS. 

A. 


US. 

A. 

p. 

Paddy 

10-22 

201 

0 

0 

533 

0 

0 

Plant;*, in k . 

273 

202 

8 

0 

688 

0 

0 

Sugar-i.me 

•1*28 

430 

14 

0 

192 

0 

0 

Groundnut 

613 

>48 

0 

0 

701 

0 

0 

Ragi 

0 83 

I* 


! 

240 

0 

0 

Groundnut 

11*83 . 

\ 232 

U 

« 

1,348 

0 

0 

Grurndnut 

2 00 ! 

i 


1 

220 

0 

0 

Gin gel ly and Indigo * ... 

13*48 

131 

12 

0 

f 80 
t 216 

0 

0 

0 

0 

Ragi # 

3-00 

76 

0 

0 

[ 133 

0 

0 

Total ... 

t 

1,642 

2 

0 

4,333 

0 

9 
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The working expenses of the two engines were 
Ks. 904 made up as follows : 


Liquid fuel 

.. 410 

Lubricating oil 

.. 148 

Kerosine oil 

10 

Driver’s wages 

.. 204 

Repairs and belting ... 

72 

Total . 

.. 901 


The gross profit, amounted to IN. LNOS — U — (.' 
whilst the capital cost of the two installations was 
Ks. 7,000. 

(G) Installation of a 94 b. li. p. engine an*I 
G" pump belonging to Government and leased to 
3M. K. Ry. V. Suhramania Aiyar of Tanampet near 
Villupuram. 

The water is derived from a tank GO feet square 
•and 18 feet deep. The pump is mounted on a well 
8 feet in diameter and 2G feet deep at the «dge of the 
tank. The land under irrigation belongs to the ryots 
of the village and they buy t he water-supply from the 
pump, paying for it at the rate of 1 1 annas per hour. 
The area irrigated during the year was 70 acres, which 
from .January to .June was under ragi and groundnut 
together ; whilst in July, August And September />() 
acres w r ere under Karnhu and 20 acres were under 
thenai. It is only possible to form an approximate 
estimate of the v^lue of the crops : — 
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Ragi 


RS. 

.. 2,240 

Groundnut 

... 

.. 6,300 

Kambu ... 

.. 

750 

Thonai ... 

... 

825 


Total . 

.. 10,116 


From January till the end of August 
worked 2,32.1 hours as follows : — 


the engine 
HOURS. 


January 

February 

March 

April 

May 

June 

July 

August 


.. 153 

.. 235 

•. 305 

... 481 
540 
... 382 

... 183 

44 


Total 


2,323 


Assuming the average discharge of the pump was 
25,000 gallons per hour, the duty of water obtained 
in April and May was 95 acres* and 84 acres per cusec. 
Thi® low duty is mainly due to the porous character 
of the soil, wliiclf is a light loam overlying a bed of 
coarse sand. 

The working expenses amounted to Rs. 1,018-1-6 
made up as follows : — 
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KS. 

A. 

r, 

Liquid fuel... 

... 492 

15 

0 

Lubricating oil 

... 104 

8 

0 

Kerosine oil 

... 28 

0 

3 

Driver and watchman 

... 184 

0 

0 

Repairs and belting 

... 208 

4 

3 

Total 

... 1.018 

1 

r» 


The income by sale of water was Rs. 1 . 034 - 0 - 0 , 
and the net profit to the lessee was Rs. 510-7-0. The 
cost of this installation was about Us. 3,000. so that 
selling the writer from the pump at 1 1 annas$>er hour 
was not a very profitable transaction and the price 
charged would probably ha\c been much higher had 
not the installation been handed oxer to the lessee 
free of rent for a, period of three years as an experi- 
ment. On the other hand the ryots benefited very 
considerably as is shown by the demand for water 
which in May necessitated running the engine for 
540 hours. At first ryot* were very averse to running 
their engines more than seven or eight hours a day 
and entirely opposed ,to running them during the 
hours of darkness, but already where the water-supply 
permits of it the engines are jun day' and night when- 
ever necessary. 

« 

(7) Installation of a 7-£ h. p. engine and 4" pump 
belonging to M. # K. Ry. A. Venkatasuhba Keddiar, 
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Arukilavadi village near Arkonam. The water is 
derived from a well 10 feet in diameter and 20 feet 
deep. The total area under cultivation during the 
year including second crop was 41 ; , t acres yielding the 
following return : — 


Paddy 

Kagi 

Groundnut ... 
Gingelly 
Plantains 
Garden produce 


AGS. KS. 

20 1,29 1 

•i 280 

H 300 

0 220 

1 100 

1 ‘ 70 


Total ... 2.201 
• 

The cost of cultivation amounted to Us. .’HO and 
the working expenses of the oil engine to Us. 508 
ieaving a gros> profit of Us. 933. The cost of the 
engine and pump was Us. 2.535. 

(8) Installation of a 5" pump and a 12 h. p. * 
engine belonging to M.U.Uy. Govidaswami Nayudu of 
Natham near Gudiatham. The pump is located in a 
well 20 feet in diameter and 10 feet deep, and in the 
bottom an inner well 14 feet in diameter has been 
sunk. The cost of the installation was Us. 3,100 
and previous to its erection sixteen pairs of cattle were 
kept. The engine# and pump enabled the owner to 
dispense with ten pairs of cattle which he sold and 
for whicll he realised Us. 1,500. The working ex- 
penses of the engine and pump averaged Us. 80 
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month find the following returns so far have been 


received : — 




ACS. 

RS. 

Paddy 

... 12 

1.200 

Rngi 

2 

100 

Coeoanuts 

... 13 

400 


The cost of keeping sixteen pairs of cattle is 
stated by Mr. Grovindaswami Nayudu to be IK 240 
per month or IK 15 per pair. The saving effected by 
dispensing with ten pairs of cattle is IK 1«)0 per month 
against which must he set the cost of the engine, 
about Rs. 80 per month. Apart from the fact that he, 
has now a much better water-supply, a net saving of 
Ks. 70 per month is effected eipial to IK 840 pfV 
annum which is 50 per cent, on the net expenditure 
incurred after allowing for the value of the cattle which 
were sold. 

(9) At Melro^apuram, which was the first pump- 
ing installation started, there is a 3i h. p. engine 
and 3" pump raising water from a well. During la*t 
year the Rev. Mr. Andrew reports that the engine ran 
for 1.005 hours and raised 1.870,305 cubic feet of 
water an average height of 23 feet. The area under 
cultivation was 17*00 acres which yielded crops worth 
Rs. 1,69). The cost of running the engine was 
IK 303-10-9 to which may he added another IK 300 
for interest and depreciation making the total cost of 
irrigation per acre R-. 341. The details of the run- 
ning expenses wejre as follows : 
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KS. 

A. 

P. 

Liquid fuel 

.. Ill 

() 

(i 

Kerosine oil 

... 35 

10 

0 

Lubricating oil 

48 

1 

<» 

Wages 

74 

O 

0 

Repairs 

34 

8 

9 

Total 

... 303 

10 

9 


MO) At the Agricultural Loilege, Saida} jet, a (>| 
li. }>. engine and a 1" pump were employed in lifting 
water from the Adyur river. During 1907 — 1908, 
* 25 . 000,000 gallons of water were raised an average 
height of 21*57 feet the lift varying between 19*3 and 
A' 1 feet. The total cost of working the e:,gine was 
Ks. 020-14-3, to which may be added ffs. 350 for 
interest and depreciation. The area of land irrigated 
was 25*71 acres and the cost of irrigation per acre 
Rs. 37*7. The details of the working expenses were 
as follows : — 


Liquid fuel . . . 
Kerosine oil ... 
Lubri eating oil 
Wages 

Kepairs and belting 
Miscellan edits 


Its. a . i». 
173 12 0 

19 12 0 

87 13 9 
238 4 4 

97 13 0 

3 7 2 


Total 


G20 14 3 
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The ]>urnp was run on 194 days for 1,976 hours 
or an average of 10‘19 hours per day. The volume of 
liquid fuel consumed was 1,200 gallons, at the rate of 
0*61 gallons per working hour. 

(11) Installation of a 4" pump and a 6^ h. p. 
engine on a small tank at Snrapet belonging to Air. 
Gopinatha Tawk^r. Subsequent to the installation 
of the engine and pump a boring at the bottom of the 
tank tapped a sub-artesian supply which, through a 4" 
pipe, furnishes sufficient water to keep the engine run- 
ning 12 hours a day. The cost of installing the engine 
and pump and making channel.-* for the distribution of 
the water was Us. .4,212. The area under irrigation 
is 28 acres pnd consist.*, of a mango and cocoanut tope 
the trees of which lia\e not yet come to hear fruit. 
Between the tree.- plantains have been cultivated, there 
being about I'd) to the acre against an average of 901) 
to the acre in an ordinary plantain garden. The 
accounts now fifmished extend over two years and show 
that IN. 2,844-1-0 was realized from the sale of the 
plantains ar.d Us. 871 from the s-de of a crop of paddy 
which was grown on 21 acres after the plantains were 
removed. The expenses of cultivation during the two 
years amounted to IN. 1,70 1 lor the plantains and 
IN. 277-8-0 for th 0 paddy. The cost of running the 
engine during the two years was IN. 809-1.' Hi so that 
against gro^s receipts of IN. 4,704-f-O the total expen- 
diture amounted to IN. 2,221 -7-0 leading a surplus of 
IN. 1,482-9-6. An allowance of IN. 10.*> a year should 
beltane for interest on the capital outlay and depre- 
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ciation in value of the plant, hut against this must be 
set the increased value of the mango and cocoanut 
topes which during the two years have been well 
watered. 

(12) Installation of a 3" pump and a 5 h. p. 
engine belongingto M. R. Ry Muniappa (framani at 
Tondiarpet. The lift varies from 12 to 25 feet and 
the engine works from J) to 11 hours a day and waters 
two cocoanut ]»1 an tat ions each of about 4 acres One 
rf these gardens is let out on lease for Its. 100 a month 
the water being supplied free. The other the owner 
works him<elf. The yield of toddy is about 70 mea- 
sures a day and is sold for 3.1 anna; a measure. The 
total monthly sales average IK 100 and the expend- 
iture IK 140 leaving a net profit of IK 2(J0 a month. 
No details are kept regarding the cost of working the 
engine but it amounts to an average of Rs. (JO a month 
and repairs .and renewals average Rs. 120 a year. The 
total expf nditure therefore is Rs. 2,52# and the income 
1 K (J.0O0 leaving a gross surplus of Rs. 3,480 which* 
is uii(|uestionahly a good return on a garden of not 
more than 8 acres. 

fl3) Installation ofa7-Mi. p. engine and 4" 
pump i>eIonging to M. R, Ry. T. S. Narnyanasawrni 
Aiyar of Tirukkarugavur. The •water-supply is derived 
horn a tank 120 feet square and the pump is carried 
on a circular well feet in diameter sunk in the bank 
of the tank. There is more than .sufficient water- 
supply and the land under irrigation consists of surgar- 
cane 3 acres, plantains 5 acres, cocoanut gaiden 7 acres 
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and paddy 13 acres. The owner writes as follows: — 
“ The gross income is Its. 700 from sugar-cane and 
Rs. 300 from plantains. With the assistance of the 
plant I am able to sow seed-beds very early and thus 
reap the first crop so that my second-crop transplant- 
ation is simultaneous with the single crop lands of 
my neighbours. By this T get Rs. 1 "> per acre more than 
my neighbours who, though they grow double crops, 
have to wait for water from the channels to sow their 
seeds, while I can transplant the first crop when they 
begin to sow their seed-beds. The total cost of the 
plant including Rs. 1,000 spent on the well and tank 
was Rs. 3,900 and apart from my own cultivation my 
additional income from 39 acres of wet land is 
Rs. .'>9 5.” 

From the above notes the following Table has 
been compiled to show the actual cost of supplying 
each acre of land with water. 

The data upon which the figures for the duty of 
water have been calculated are approximations. It 
is hardly worth while to discuss them in detail as the 
only object in inserting them in the tabular statement 
is to dispel the idea that very high duties are obtain- 
ed under pumps. It is not improbable that the low 
duty in some cases is attributable to the limited area 
under the pumps and that more water was given to 
the fields than was really necessary or desirable. Both 
the nature of the crop and the physical condition of 
the soil are important factors to be taken into consid- 
eration in estimating the duty of water and to these 
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must be added the character of the distribution of the 
rainfall as well as its total volume. With so many 
variants it is impossible that any one set of observa- 
tions should be of great value. If the most is to be 
made of a supply of water risks must he run and ex- 
perience is the only safe guide in such matters. To 
secure absolute certainty means that in four years out 
of five the water-supply is not fully availed of. Agri- 
culture is the most speculative of industrial occupa- 
tions and irrigation only eliminates one element of 
uncertainty. 

The total cost of pumping has been estimated by 
adding 12^ per cent, of the capital outlay to the 
running expenses to provide for interest and deprecia- 
tion on capital. It will be seen from those figures 
that the cost of irrigation from wells, even when water 
is lifted by engines and pumps, is a very considerable 
item. Excluding the cocoanut gardens it ranges from 
Ks. 25 to nearly Ks. 70 an acre; nevertheless, as we 
have seen, the protits realised are very considerable. 
The ryots appreciate this and the popularity of oil 
engines and pumps is steadily increasing. Vet. through 
the sub-division of the land into small plots, the small- 
ness of individual holdings and the large capital outlay 
involved in each installations, it is difficult for land- 
owners and ryots to become possessors of such aids to 
cultivation, and I think there is not much douht that 
for every ryot who owns a pumping installation there are 
ftt least a hundred who would be glad to have one, if 
only their circumstances would permit of it, With 
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rising prices and with a sure water-supply the agri- 
culturist is in a very satisfactory condition and in 
'places there is evidence that by co-operation they are 
Tying to secure for themselves the advantages of 
•heap methods of raising water. 

Some little time ago the villagers of Atmakur 
Formed a limited liability company with a capital of 
ibout. Rs. 14.000 and wit h this money we have erect- 
ed for them two 10 inch pumps on the banks of the 
Kistna Western Delta main canal and through a channel 
which extends to a length of nearly four miles they are 
irrigating oOD acres ofland considerably above the full 
supply level of the canal. In certain Taluks of the 
South Arcot District, where it is easy to obtain a 
water-supply, some of the wealthier ryots have pump- 
ing installations and are selling the water they do not 
require for their own lands to their less wealthy 
neighbours. In the case of the Dan am pet installation 
alluded to above, the water is sftld at the rate of 
1 1 annas per hour which is equivalent to about 2,090 
gallons for one anna. At this rate a cubic foot per 
second will fetch nearly Rs. 17 a day and will be 
wojM» at least Rs. 2,000 during the ordinary irrigation 
season of four months. In the Kistna Delta the duty 
of water rises to as much as acres per cubic foot 
pci second and for this a water-rate of Rs. o per acre 
is charged, or rtAighly one-fourth of that paid by the 
ryots in the Panampel village. Nevertheless the 
.vater-rate in the Kistna Delhi is sufficiently high as 
the whole project pays a very high rate of interest on 
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the total capital expenditure involved in the construc- 
tion of the Kistna Delta irrigation system. It is the 
same with many of the other great irrigation systems 
in this Presidency. The lands under them are suppli- 
ed with water at very low rates and the undertakings 
are at the same time very profitable to the State. The 
very careful and detailed examination of the country 
by the Irrigation Commission, which met a few years 
ago, has placed beyond doubt the fact that very little 
water can in the future be made available for irrigation 
on similarly favourable terms, although the percentage 
of the total water-supply which is so utilised i> 
extremely small. Va>t projects involving an enor- 
mous capital outlay are feasible, but their cored ruction 
can only be justified when it can be clearly shown that 
they offer a fair prospect of an adequate return on the 
money which must be invested in them. 

The skill and ingenuity of tin* irrigation officer- 
of the Public Wo 4 rks Department will probably yet 
succeed in some cases in providing additional sup- 
plies of cheap water for irrigation, but the limits 
prescribed by the scale of charges for water have been 
nearly reached and there must inevitably ensue a 
period of stagnation in the extension of irrigation 
unless efforts are made if) other directions. Engineer- 
ing science has made enormous strides since Sir Arthur 
Cotton first held up the waters of the Godavari river 
by the dam which he constructed across it at Dowlaish- 
warnm, and many projects are feasible now which 
would have been impossible then. As an example 
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attention may be directed to the splendid pump- 
ing station which has been provided to lift the waters 
of the Kistna river for the irrigation of some 50,000 
acres of land on Divi Island, whereby water which ran 
uselessly to the sea is now made to fertilise lands which 
have hitherto lain waste or yielded at best a very pre- 
carious harvest. Again in the mountains of Travancore 
the waters of the IVriyar river, which formerly flowed 
into the Arabian Sea, have been diverted through 
the watershed ridge to irrigate a vast extent of land 
in the Madura district, thereby rendering it secure 
from scarcity and famine. It would be easy to multi- 
• ply examples ol this kind ; it is not however my object 
to glorify the engineering profession but tp draw atten- 
fion to the fact that in other directions, herr in India, 
we have not made similar progress. 

The resources of the hydraulic engineer are by no 
means exhausted and he could still do much to render 
the occupation of the great bulk of the people of this 
country much less precarious if only it were possible* 
for them to second his efforts and display a more in- 
telligent. appreciation of the value of the water which 
he supplies. It would not, I think, be difficult to show 
that in this Presidency the area under wet cultivation 
could he doubled if the ryots, who are now without the 
benefits of irrigation, were prepared to pay a much 
higher water-rate Jdian that now paid by those whose 
lands are so favourably situated that they are command- 
ed by the channels from existing works. The question 
is can they do so ? Is it possible for the ryot to pa£ 
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from Rs. 15 to Rs. 20 an acre for water instead of the 
Rs. 5 or Rs. G which is regarded as the normal rate 
under Government irrigation channels ? The enquiry, 
is not whether existing water-rates should be enhanced, 
but whether lands not now irrigated could be made to 
yield a sufficient return to make it worth while supply- 
ing them with water at a much greater cost than has 
hitherto been deemed practicable. It. is generally 
considered that irrigation greatly enhances the value 
of land, partly by increasing the yield of the crops and 
partly by diminishing the risks of cultivation. The 
bulk of the irrigation supplies in this ['residency are 
devoted to the cultivation of paddy and it is only 
under spring channels and wells that what we know 
garden cultivation may be said to exid. The fact i* 
that paddy cultivation pays fairly well and the culti- 
vators have an easy time of it : but when the ryot has 
to lift his water from a well or contribute his share of 
the labour of digging spring channel in hot sandy 
river-beds, he learn^ to appreciate its value, and by- 
putting more labour into the land he obtains from it a 
more generous return. 

The information which has been collected regard- 
ing the cost of lifting water by engines and pumps 
and the e\ideneo that* such water can be profitably 
used is, I consider, extremely valuable, bull do not 
wish to spoil my case by basing generalizations on it 
which are not justifiable. The irrigation under the oil 
engines and pumps, which has been referred to above, 
is all of an exceptional character. Admittedly, they 
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are selected cases to show what can he done when 
capital, energy and intelligence are forthcoming. They 
are, however, typical instances ol irrigation with oil 
engines ami pumps, where an adequate water-supply 
has been found, and I have reason to believe that there 
is room for many thousands of such installations in the 
Coast districts and on the margins of many of our 
rivers. Their influence on agricultural developments 
is already considerable and not a few are regarded in 
their own neighbourhood as model farms. The results 
obtained in them have awakened a new interest in well 
cultivation and throughout the Presidency there is a 
growing demand for the exploration of the sub-soil 
with boring tools. The demand is for a perennial 
^water-supply which will enable irrigation*^ be carried 
on all the year round so that more valuable crops, 
which require to be oil the land for a long time, may 
be cultivated. 

Government irrigation works coup ote paddy culti- 
vation, because almost in\ariably the supply of water 
is only available for a portion of the year. To some 
extent tins must, also be the case in the future, 
hut by no means entirely >o. All the great pro- 
jects now under investigation will involve the 
construction of enormous storage works, partly to 
regulate the supply during the irrigation season and 
partly to raise the Hood waters to a sufficiently high 
level to command the lands that require irrigation. 
When the water has fallen below the sills of the regu- 
lators which will control the supply to the high lewl 
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channels there will still remain a vast quantity of 
water stored in the river-beds behind the dams, and 
this may be drawn off at such a rate as to provide for 
the perennial irrigation of very considerable tracts of 
land. On these lands very high water-rates should be 
realised as very valuable crops can be grown. In the 
Bombay Presidency, by the aid of storage works 
which have been constructed in the Deccan, sugar-cane 
cultivation is extensively pursued, notwithstanding the 
fact that a water-rate of Rs. ol) per acre per annum 
is charged. Such cultivation involves considerable 
capital outlay and a large expenditure in manure. It' 
is analogous to the oil-engine cultivation which we 
are developing on this side and it is my object to 
point out that such cultivation might be developed’ 
on a much larger scale if, in the future, it is found 
feasible to construct the great masonry dams which 
have been projected for holding up the waters of the 
Kistna, the Caiwery, the Tungahhadra and other 
fivers. More irrigation in the South of India we must 
have, and beca use wp have exhausted all the easy 
methods of obtaining water for irrigation there is no 
reason why the country should stand still and accept 
the fact that nothing more can he done. If water 
cannot be obtained at Rf . 5 an acre, it is an undoubted 
fact that large supplies could be given at a cost of 
Rs. 10 an acre, and still larger* supplies if it could be 
shown that water is worth Rs. 20 an acre. The culti- 
vation under oil engines and pumps, the enormous 
aria under irrigation from wells and the high rates 
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paid for water in the zemindari tracts all tend to show 
that there is still a very wide margin for the irrigation 
engineer to operate on. 

Accepting the figures, which I have placed before 
you as accurately representing what can be doneuinder 
the conditions specified, there can he no doubt that if 
such work could be carried on over thousands of acres 
as it is now carried on over tens, it would be a com- 
paratively simple matter to finance the great engineer- 
ing works which will he necessary to supply water. 
Unfortunately it is practically certain that at the 
present time the cultivators are not in a position to 
( take large volumes of water on the .ame terms as are 
easily obtained in all the cases T have brought to your 
notice. The average ryot, lacks capital, lack* initiative 
and above all is imbued with the idea that irrigation 
means an easy life and not a strenuous one. Before the 
great irrigation works of the future can be carried out 
the average ryot who cultivates dry land, will have to 
be brought t.o understand that his slovenly and lazy^ 
methods of working can he no longer tolerated, and 
that if he wishes to continue in the possession of his 
land he must be prepared to cultivate ii properly. 
There is much for him to learn and the problem is 
bow to teach him. The extension of irrigation by 
pumping will probably prove one of the most effective 
means of diffusing, throughout the country a better 
knowledge of the principles of agriculture, and all 
means which are adopted to encourage the extension 
of this method of lifting water will tend to bring aboift 
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the desired end. Nearly everywhere it is the poverty of 
the individual and the extreme sub-division of the land 
which makes progress slow. Nevertheless where the 
conditions are favourable great strides have been made. 

In the South Arcot district in the Villupuram 
and ('nddalore taluks ihe conditions in regard to 
water-supply are unusually favourable. Vast beds 
of sand lie at no great depth below the surface of 
the ground and from these it is practicable to obtain 
supply of from 20,000 to 30,000 gallons of water 
per hour from wells not more than 1 d or 20 feet in 
diameter sunk into tlm sand. Already over jO. 
pumping plants have been installed in these two 
taluks and many more are under corisideiation. In 
not a few insurances the whole capital outlay involve^ 
has been realised within the til 4 year and in nearly 
every ease, within two years, the cost of these 
pumping installations has been recouped. In place 
of d() engines an^J pump- there is probal>iv room for 
1,000, and that too without seriously affecting the 
water-supply. If private enterprise were stronger and 
capital more abundant the irrigation problem in these 
two taluks would be easily dealt with. The ryots have 
water and land and if supplied with power to lift the 
water so as to make it , available for cultivation, they 
can obtain large profits. Under these cin um stances 
the capitalist would step in« and provide power on 
terms which would be advantageous both to the sup- 
plier and the user. A central power station would be 
established either near the railway or away on the 
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borders of the Salem district in the middle of the 
forest from which it could derive its supply of fuel. 
The combination of a wood distillation plant with a 
central power station should prove a very remunerat- 
1 ve undertaking if worked on proper lines. In the 
forests the timber would be cut down and converted 
into charcoal. The charcoal on the spot would be 
used in large suction gas plants to generate electricity. 
Electric currents under high pressure would be carried 
across the country to the points where the power could 
he used and there it would be transformed down to 
if reasonable pressure, and from each sub-station wires 
would radiate to the wells in the neighbourhood. 

In many cases ryots already own wells which will 
yield large* <juantities of water or which ran be greatly 
improved by sinking them a few feet deeper. 11 the 
Power-supply ( lompany would instal its own motors 
and pumps and undertake to lift the water there is 
scarcely any doubt that the demand iyould be consid- 
erable. The ryots can afford to pay as much as one 
anna per thousand gallons and probably by charging 
a fixed rent for the motor and pump, plus a rate for 
the art ual amount of power taken, there would be no 
difficulty in putting the distribution of power on a 
sound commercial basis. The charcoal manufacturing 
plant should he of a modern type fitted with all the 
apparatus necessary to obtain the \aluable bye-pro- 
ducts of which the most important, are acetate of lime, 
methyl alcohol and tar. Of course, such a plant- can 
only he worked with profit when the scale of operation 
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is sufficiently large. Half the charcoal manufactured 
in the wood distillation plant would he required for 
the recovery of the bye-products and for working them 
up into a marketable condition whilst the other half 
would be available for the suction gas plants which 
would supply gas to the engines driving the dynamos. 
Three thousand horse power would, I think, in a short 
time be taken up within the area I have mentioned, 
as not only would it he used for pumping water but 
also for driving oil mills and other machinery. To a 
limited extent there will he a demand for lighting pur- 
poses and it can hardly he doubted that, once a supply 
of power was available, a considerable number of mis- 
cellaneous ways, in which it could he useful ly employed, 
would soon he discovered. A plant, with an average 
output of 3,000 horse power for 1 2 hours a day, would 
require 20 tons of charcoal per day or roughly 7*000 
tons in the course of a year; so that if all the hye- 
probucts were recovered upwards of 14,000 tons 
of charcoal would have to he manufactured every year. 
This would involve the carbonization of about 50,000 
tons of wood per annum, arid assuming that the annual 
increment in the forests is one ton of wood per acre 
per annum, an area of 50,000 acres of forest would he 
required. This could b? reduced if suitable plantations 
of casuarina or some other quick growing timber were 
made. Already there are in f!ie Soyth Arcot district 
some 1 1 ,000 acres of private plantations and a large 
extension of these to supply fuel for power purposes 
wbuld ultimately be of immense benefit to the district. 
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It is useless at the present moment to endeavour 
to work out such a scheme as 1 have outlined in any 
detail. My object in bringing it forward is to indicate 
one of the directions in which work might be under- 
taken in future. The scheme 1 have outlined is typical 
of the way in which industrial problems must be 
tackled. Whilst it is possible to do a great deal by 
establishing a large number of small centres of indus- 
trial activity, it must be remembered that these are, as 
it were, the pioneers who clear the ground for the 
greater undertakings which must follow. In South 
Xrcot the small undertakings are proving exceedingly 
•profitable and their rapid increase in numbers can he 
safely counted upon. They will bring wealth and pros- 
perity to those parts of the district which benefit, by 
them, and ultimately I am sanguine enough to antici- 
pate that there will he an accumulation of suqdus 
profits seeking for new outlets. 

I have put forward these ideas sftnply to suggest 
the direction in which we are moving and to indicate, 
iu faint outline the tendency of the policy we are pur- 
suing in this particular instance. The industrial 
regeneration of India is a vast problem which can only 
be achieved by steady persistent effort continued for a 
long period. The difficulties toA)e faced are enormous 
and the first step must be to educate the people to a 
sense of their own • deficiencies and to bring them to 
gradually take an interest in the practical solution of 
the problems presented. I think I may claim that the 
success, which has attended our efforts to introduce oil 
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engines and pumps for lifting water, marks the first 
stage in the new movement and it has awakened in the 
minds of thousands of landholders and ryots an interest 
in mechanical methods of doing work which is entirely 
new to this country. Considering the marked inapti- 
tude of the agricultural community for mechanical 
methods of working it is surprising how easily they 
have learnt to manage oil engines and pumps and I 
think it is unquestionably because they fully appreciate 
the advantages which they confer and are willing to 
take the necessary trouble to understand how they 
work. Quite recently l have inspected a considerable 
number of these pumping stations entirely managed h) 
the ryots themselves and I think there is no doubt 
that the engine and pump is to the ryot who possesses 
it what the motor <ar is to the average European. The 
one is spreading a knowledge of mechanics through the 
literate classes of Europe and the other through the 
illiterate classes of Southern India. 
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Tbe following table gives information under the 
various heads enumerated regarding a number of the 
installations which have been erected, in many cases 
tbe ultimate area which will be irrigated will greatly 
exceed the area noted as full advantage is not yet 
taken of the water-supply available 
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HI AFTER XVII. 

PROGRESS IN IRRIGATION BY 
PUMPING IN MADRAS * 

Although I have brought tlie subject of Lift Irri- 
gation before this Industrial Conference on two 
previous occasions. 1 hardly think that any apology is 
necessary for referring to it again as, to the agricul- 
tural classes, it is a matter of supreme importance. 
There are over 1 (>,000.000 acres under well irrigation 
and the total amount of power employed in lifting the 
iwater is very large. Moreover well« are 'not the only 
source of water-supply which can be utilised in this 
way. Evidence of this may best be seen in the Kistna 
district of the Madras Presidency where 25,000 acres 
of the island of Divi are irrigated by jumping from the 
Kistna river, and where a pumping plant has been 
installed capable of irrigating fully double that 
area; between three and four thousand acres are 
irrigated in a similar way round the margin of the 
Kolair Lake and finally nearly two thousand acres are 
irrigated by lifting water from $be delta canals to lands 
situated above the levels commanded by direct flow. 
It was only in 18§2 that I started lift irrigation in this 
district with a small portable engine and a centrifugal 

* Contributed to the Industrial Conference hold at Allahabad, 
in December 1910. 
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pump and, though at first it did not make much progress, 
yet chiefly through the efforts of Mr. R. N. H. Reid of 
the Public Works Department it has ultimately caught 
on and, large as the area is that is already supplied by 
lift, it is likely to be greatly extended in the future. 
Elsewhere in India there is no similar development 
although in certain other districts of Madras, such as 
South Arcot and Chingleput, the oil engine and pump 
is quite a familiar adjunct to cultivation. In these 
matters we are still in the infantile stage and progress 
is slow, but there has been no set-hack, and the 
record of the past two years is satisfactory enough to 
justify confidence in future development at a more 
rapid pace. 

The object of the present paper is to put on record 
what has actually been done and to suggest the direc- 
tions in which progress on the engineering side of the 
question is likely to facilitate extensions. 

Apart from Mie experiments in the Kistna in 1892- 
93 and subsequent years, in which steam engines 
were employed, the first attempt to use oil engines 
was made in 1902, and the following statement shows 
the progress that has been made -ince that date : — 
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STATEMENT No. 1 * 


Number of oil engine pumping plants erected. 


Year. 

I 

Government 

Installations.' 

Private installa- 
tions with Gov- 
ernment aid. 

Private instal- 
lations without 
Government 
aid. 

1!K12-U3 

1 

... 


1R04 0o 

7 

3 




3 

18 

7 

iyotv-u7 


2J 

... 

1W7-08 

2 

38 

0 

*1M8 Ob 

! 

:>1 


yioo-io 

i 

33 * 

| 28 

1010 11 (April to 
November, seven 
monthR) 

i 

i - 

14 

i 

: Not available. 

Total ... 

i J,,j 

j 178 

• 

1 :>r> 



246 

• 


This statement is complete so far as the work 
undertaken with Government assistance is concerned, 
but it ih **ertaiu that we have not a complete record of 
the private pumping installation^ erected without any 
such assistance, and it may be taken as practically cer- 
tain that, at the present time, there are more than 
2o0 engines and pumps lifting water from wells, chan- 

* The Divi Island Irrigation is not included as that is a Major 
Irrigation Work constructed by the Madras Public Works Depart 
meat. 
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nels, canals, tanks, lakes and rivers for the irrigation 
of dry lands. 

Statement No. 2 furnishes information as to the 
size of the pumps in the case of 21 1 installations, from 
which it will he seen that half of thorn are centrifugal 
pumps with the suction pipe 4" in diameter. The 
statement also gives the normal lifting capacity of each 
size of pump, and from thb it is easy to calculate that 
the 211 pumps are capable of lifting nearly 8,000,001’ 
gallons of water per hour. Applying this average to 
the whole 2.">0 pumps, the total capacity will he 0*2." 
million gallons per hour, c<jui\ule;it to a flow of 1 1 1 c. ft. 
per second. 

It will he noticed that the areas irrigated hy the 
larger pumps are smaller than the capacity of the 
pumps would seem to warrant and the reason is ehietiy 
due to had engineering, as these larger pumps were 
all put up hy fii’ms with no previous experience of the 
work and in most cases such plant was supplied a> 
happened to he in stock in the country. It will he 
also noticed that the duty of water under the pump* 
is comparatively small chiefly hecause many of them 
are only run for a few hours in the course of the day ; 
in some cases hecause there is not a sufficient supply 
of water, in others hecause the owner of the pump has 
not enough land to fully utilise his? water-supply. The 
sale of surplus water hy the owners of pumping instal- 
lations to neighbouring cultivators is becoming a com- 
mon practice and will probably greatly extend in the* 
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Total area irrigated . 10 735 
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future. This practice will greatly increase the duty 
obtained from the pumps. 

From the data given in the abov e table, 1 estimate 
that the probable area under irrigation at the present 
time is about 12,000 acres and from the accounts 
available for a large number of installations, that the 
capital outlay expended on the same amounts to ap- 
proximately 7,00,000 of rupees. The actual cost of 
irrigation depends on a large number of factors which 
vary with almost every installation. Tt has been care- 
fully worked out for a number of typical installations, 
and applying the figures obtained to the whole area 
under cultivation, we find that it amounts to »pproxi-« 
mately Rs. ^ 30 per acre per annum or about Rs. 
3, GO, 000 for the whole area. 

In 223 cases, the total horse-power of the engines 
is 2,138 and the great, majority of these are worked 
with Jkjuid fuel, of which the monthly consumption is 
now about 45,000 gallons. 

The publication of the results of our work in 
Southern India has drawn the attention of engineers 
in England to the immense possibilities of the develop- 
ment of this method of irrigation and most of the 
large firms engaged in the manufacture of oil and gas 
engines and pumping ’ machinery are anxious to do 
what they can to meet our requirements. The Allaha- 
bad Exhibition will to some extent ,> show what steps 
have been taken to open up the Indian market. Up 
to the present time, we have mainly employed oil 
ehgines working with liquid fuel, which is the residue 
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left after the distillation of the crude petroleum is 
complete, but quite recently, we have employed suction 
gas plants and gas engines which can be worked very 
satisfactorily with charcoal, and we are now able to 
obtain plants of about 30 h. p. and upwards which 
will work extremely well with dry wood. It is of 
considerable importance to develop as far as possible 
suction gas plants working with the supply of fuel 
which can be obtained locally rather than be dependent 
on kerosine oil or liquid fuel which can only be obtain- 
ed from a distance. There is not a single case of a 
steam engine lifting water for irrigation in the south 
•of Ind ; a. partly because the price of coal is so high 
that it cannot compete wdien used in strain engines 
\vith liquid fuel or suction gas in internal combustion 
engines and partly because internal combustion 
engines do not come under the Steam Boilers Act and 
they can bo rifely left in charge of comparatively un- 
skilled men. It is only when coal is "very cheap, as is 
the case in some parts of Northern India, that steam* 
engines can hope to compete with oil or gas engines 
for small power stations. In the case of large instal- 
lations the possibilities of using coal and steam are 
somewhat greater, but even that is not likely to be so 
for long, as the future belongs wholly to the internal 
combustion engine. 

It should bei^membered that irrigation by pump- 
ing lias made enormous progress in many parts of the 
world, notably in the Western and Southern States of 
America, in Egypt and in Palestine, and competition 
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among the engineering firms to supply the machinery 
employed has led to material improvements in the 
efficiency of pumps. At the same time, equal or even 
greater strides have been made in reducing the fuel 
consumption of the prime-movers whether worked by 
steam, gas or oil. Finally, it seems likely that pump- 
ing, at any rate, on a large scale will be entirely 
revolutionised by the recent inventions of Mr. H. A, 
Humphrey who, in what may he termed a gas 
pump, has successfully combined both engine and 
pump and practically eliminated the moving parts with 
their wear and tear and necessity for lubrication. In a 
recent paper which Mr. Humphrey read before the . 
Manchester Association of Engineers, he defines his 
system of pumping as follows A method of raising* 
or forcing liquid which consists in applying the energy 
of expansion of an ignited combustible mixture to one 
end of a column of liquid so as to propel the column 
along a discharge pipe, and to cause it to oscillate in 
the pipe under such condition** of energy of the moving 
liquid, that everything necessary for the next ignition 
is performed during one or more oscillations and wholly 
or partly owing to it or them.” This is highly technic- 
al language and savours somewhat of a patent specific- 
ation. I do not however propose to describe the pump 
in any detail, as I understand there will be one working 
in the exhibition and the extreme « simplicity of the 
machine itself can be best appreciated by a personal 
inspection of its working. Sometime must necessarily 
elapse before it can be adapted to the very varied con- 
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ditions under which pumps are working in India, but 
it seems to me certain that it will eventually come into 
general use. The construction of the pump itself is 
quite simple and the work can easily he undertaken in 
this country. This is a matter of very great importance, 
as the development of lift irrigation will in course of 
time create a demand fora very large number of pumps 
and it is well that the construction of these should be 
within the mechanical resources of the country. It 
seems to me that we are now within sight of a power- 
driven water lilt which will involve so small an initial 
outlay and he so economical in working that it will 
• almost entirely supersede cattle power. Whether the 
soluiion will come from a development of the gas 
"pump or whether by improvements of older methods of 
lifting water remains to be seen. 

In the latter direction, we have recently made 
some progress in Madras by modifying the construction 
of the common lift pump m> as to permit it to be work- 
ed with a loose fitting tubular piston. This pump wa:> 
in the first instance designed for lifting water from bore- 
holes and in that form consists simply of lengths of gas 
piping screwed together to reach to any required depth. 
At the lower end is fixed a valve which opens upwards. 
The piston consists of a length of gas piping which may 
be from l'to l() f long depending upon the height to 
which the water Was to be lifted. At either the top or 
the bottom end of this gas pipe a valve opening upward 
is fixed. The piston is worked by a wire rope, pow^r 
being used to draw it up, whilst the^ downward strokes 
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are made by gravity acting on its own weight. The 
results obtained on tests with boreholes were very satis- 
factory and larger pumps have now been constructed 
which can be worked either hymen applying their 
weight to set in motion an oscillating platform or by a 
small oil engine driving, through a reducing gear, a 
crank arm to which the end of the rope can be attached. 
It is recognised that the pump is only suitable for deal- 
ing with comparatively small quantities of water, 
generally less than that which can be lifted by a 3 inch 
centrifugal pump. 

A single piston pump made of gas pipes (> inches 
in diameter and fitted with a loose pistou 18 inches 
long worked easily at 30 strokes a minute, the length 
of the stroke being 18 inches, and delivered 75 gallons 
of water on a lift of 15 feet. This is equivalent to about 
one-third of a horse-power in the water lifted. The 
power ahsorl>ed could not he measured, but it was proba- 
bly not much more than half a horse-power. That the 
efficiency is very high is evident from the following 
experiments : — A pump made out of a 4-inch gas pipe 
was worked by a man weighing 110 Hi. trending on an 
oscillating platform. The stroke of the pump was 
about 2 k feet and he was able to make 20 strokes a 
minute lifting a gallon at each stroke to a height of 
15 feet. This is equivalent t© 180,000 foot- lb. of 
effective work per hour. This figure divided by the 
weight of the man, 110 lb., gives a “co-efficient of 
Utility” of 1,636. Similar experiments with a picottah 
on a lift of 144 feet yielded a coefficient of 1,191. 



PROGRESS IN IRRIGATION RY PUMPING IN MADRAS. 315 


When an engine is employed to drive the lift it is 
conveniently made of two pipes and the pistons are 
then connected by wire ropes to two crank pins on the 
same shaft separated by an angle of 1 80 degrees. The 
pistons may then he made heavy so as to descend 
rapidly and as one piston is descending whilst the other 
is ascending any excess weight in the descending piston 
over that retj aired to cause the down stroke is utilised 
to assist the rising piston. That is to say, the double 
lift is completely balanced. The same result is obtained 
with the platform lift by adjusting the balance weight 
at the outer end of the platform to cause it to rise at a 
• speed convenient to the man or men employed in work- 
ing it. The pump is extremely simple in construction 
# the only working parts being the two valves and the 
pulley over which the wire rope passes into the pipe. 
This pulley is the only part of the pump requiring 
lubrication and as it is only moving at a slow speed the 
wear and tear is negligible and it should last for many 
years. The valves employed are leather flap valve* 
which will doubtless wear, hut they can be repaired by 
any country blacksmith and experiments are in progress 
to ascertain how long they will last and whether there 
is any advantage in adopting metal hinged valves or 
valves of the poppet type. *The latter will be more 
expensive and it seems hardly likely that it will be 
worth while to fity»them. 

An oil engine or electro-motor of two horse-power 
will suffice to drive a double G-inch pump on a lift of 
25 feet discharging about 150 gallons of water per 
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minute. Our experience with centrifugal pumps is 
that anything smaller than a 3-incli pump is very un- 
economical .and our j>resent practice is to provide a 5 
horse- power oil engine to drive the pump on a 2 a -foot 
lift, the discharge being 180-190 gallons per minute. 
The eflieiency of the pump is generally slightly over 
40 per cent, and the brake horse-power actually gener- 
ated in the engine is slightly over three horse-power. 
Such a plant installed costs seldom less than K>. 1,800 
whilst a double G-inch pump driven by a 2 horse-power 
oil engine will cost not more than lis. 1,000. 

The development of mechanical methods of lift 
irrigation depends upon our ability to provide a machine 
capable of dealing with the quantity of water available 
and in by far the great majority of sources of water-' 
supply the quantity that can be obtained is very much 
less than can be dealt with by a 3-inch pump. This 
new water-lift provides a very efficient means of dealing 
with smaller quantities. Hy manual labour from oOO 
to 2,0u0 gallons per hour can he raised by a single 
man, the (juantity depending on the height to which 
the water is raised, whilst with a small engine of two 
horse-power, about the smallest size that can he re- 
commended for regular work, from six to twelve thou- 
sand gallons per hour can he raised. The pump pos- 
sesses the great advantage that it can he used in a 
rinall borehole and can he worked at any depth and 
with any length of stroke that is convenient. The 
same pump has been worked on a 20-foot stroke and 
then, much more, rapidly, on a 2-foot stroke, the 
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quantity of water lifted being approximately the same. 
The pump has a very great range of utility and ad- 
justs itself to any change in the water level provided 
only that the foot valve is not uncovered. 

Within the ordinary ranges of irrigation lifts 
gas pipes of the commonest quality will he found 
good enough hut, where more than one length of pipe 
is required to gel down to the full depth from which 
the water has to lifted, it will he found convenient to 
use a pipe of slightly larger diameter than the lower 
one, in which the piston works. The reason for this is 
’that common commercial gas pipes are frequently 
dented or hent ami, w hen this happens, the piston pipe 
will only work freely in them with a targe rlearance. 
it will be obvious that the piston jape should be as 
close a lit to the discharge pipe as possible so that the 
slip may not he too great. When the lift is high, 
the piston pipe must he long and this means that it 
can only work freely in a straight lefigih of pipe which 
should he of circular section throughout. Before con- 
cluding these notes on the tubular piston pump, allu- 
sion may he made to the possibility of employing one 
engine to drive a number of pumps in wells situated 
some distance apart. The wire rope transmission can 
be safely used up to distances*of several hundred yards 
ami. where the local conditions of water-supply are 
such that only small quantities can he obtained at 
any one point, a large number of wells, each of small 
capacity, can be sunk and the water lifted from %m 
by wire rope transmission from a single station. I 
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have seen this method employed on the oil fields of 
California working deep well pumps of the ordinary 
type. 

The popularity in the Madras Presidency of mechan- 
ical methods of pumping has led to much explora- 
tory work for water, and boring tools are now largely 
•employed for this purpose. The use of comparatively 
powerful pumping appliances has led to the discovery 
that over large tracts of country the coarse water 
bearing sands will yield, in moderate sized wells, 
sufficient water to keep a 4-inch centrifugal pump 
employed. Such beds of sand are often only a few feet* 
below the surface but still more often they are at a 
considerable dfpth, and the sinking of boreholes is a 
convenient and cheap method of locating them. By 
the mechanical analysis of sand a good deal can be 
learned regarding its capacity to yield water and from 
empirical data which have gradually accumulated a 
very fair estimate* can now be made as to the quantity 
of water which can be obtained if a well be sunk at any 
particular place. 

The results obtained from borings have proved of 
extreme value. Id the alluvial tracts near the Coast, 
a considerable area of land has been discovered under 
which sub-artesian wat£r-supplies of large volume can 
be obtained, and even in the *hard crystalline rocks, 
borings have proved extremely useful*as they frequent- 
ly open up fissures containing water under pressure. 
This work may be regarded as still iu its infancy, al- 
though the Department of industries have now in UBe 
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30 sets of boring tools and have put down more than 
700 borings, of which slightly more than half have 
proved successful. In addition to this, a large number 
of borings has been made by private individuals who 
have employed well drillers from the French Settle- 
ment at Pondicherry where a very extensive develop- 
ment of artesian water exists. 

Where the holes have been drilled in hard rock a 
few experiments in torpedoing have been made. The 
process employed is as follows : — A charge of dynamite 
of from /> to 7 lb. is fitted in a water-tight tin ease and 
lowered to the bottom of the borehole. It is then 
.fired electrically and the resulting explosion shatters 
the rock at the bottom of the borehole and opens up 
fissures, which in some instances very materially in- 
crease the supply of water. In the absence of a suit- 
able borehole pump, the results with these experiments 
have not L»“eo properly determined, as only those have 
been classed as successful which hav<* yielded an in- 
creased supply of water under pressure. It is con- 
sidered possible that many of these boreholes 
would yield a good deal of water if means 
were provided to pump it out, and now that we have 
a simple means of doing this further experi- 
ments will he made during the next hot weather. 
The demand for exploratory boreholes is great and 
the landowners art^in many instances reluctant to give 
up at a depth of 100 feet which is usually that to 
which our boring sets can work. In a few cases, by 
providing extra boring rods, borings have been conti- 
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nued to a depth 200 feet, but with hand-tools this is 
expensive, and we are now trying power drills with 
which we expect to reach as much as 500 feet. 

At the outset, 3-inch boring tools were mainly 
employed, but experience lias shown that 1-inch tools, 
although much heavier, are more convenient when 
the depth? to be bored exceed 50 feel. 

It will he obvious from these brief notes that in 
no direction does finality appear to have been reached. 
In the beginning, when the work was first started the 
prospects of attaining any marked degree of success 
were by no means assured. Now it is certain that the 
use of mechanical methods of lifting water will year 
by year extend, and at no distant date, we shall have 
thousands of mechanically driven water lifts at work 
In every direction, progress has been made. It is now- 
possible to obtain much better appliances than was the 
case five years ago. Then, we were not certain that 
underground water could be obtained in sufficient 
volume in any great number of cases, now, we know 
that over large areas and in many places it is weli 
worth while to instal mechanical arrangements to lift 
water. Progress has been much greater than was antici- 
pated owing to the rise in value of agricultural prod- 
ucts and the large pro'rits that have consequently been 
made by the laud-owning classes. This has, at the same 
time, increased the cost of cattle labour and compelled 
the intelligent land-owners to turn to engines and 
pumps as a means of reducing the expense of lifting 
water and at the same time of bringing a larger area 
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of dry land under wet cultivation. Each advance pre- 
pares the way for further improvements and indicates 
that the efforts now being made will in time be prod- 
uctive of great results. 



CHAPTER XVIII. 

IRRIGATION BY PUMPING IN THE 
UNITED STATES. 

The total area of the United States is very 
nearly three million square miles, and of this 
area not less than one and a quarter million 
square miles, between the Mississippi river and the 
Pacific Ocean is so situated that cultivation without 
irrigation is either extremely precarious or absolutely 
impossible. Till the passing of the National Reclam- 
ation Act by Congress in June 1902, which author- 
izes the construction of irrigation canals and reservoirs 
by the Federal Government, the development of irriga- 
tion has been entirely left to private enterprise. The 
earliest settlers were the Spaniards who came from 
Mexico up the valley of the Rio (irande river and found 
the Indians of that region, “watering the thirsty soil as 
their forefathers had done for unnumbered generations 
before them and as their descendents are doing to-day.” 
These pioneers of European civilization remembered 
the wonderful fertility tff the irrigated fields in the 
south of Spain, and the colonies which they established, 
in what are now the territories of Arizona and New 
Mexico, imitated and to some extent improved upon the 
primitive practices of the red-skinned savages. Later, in 
th*e middle of the eighteenth century the mission 
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fathers of Mexico established a chain of stations along 
the Pacific Coast from San Diego to San Francisco, and 
*to them the credit is due of introducing the methods 
of irrigation practised in Spain. 

On the Fast Coast, in the Carolinas and Georgias 
the eighteenth century witnessed the gradual growth of 
rice cultivation on low and marshy lands bordering on 
tidal rivers. At high tides the fresh water was backed 
up the rivers and flooded the rice fields, at low tides 
the water receded and the fields could be drained. 
From small beginnings the rice-pl anting became an 
important industry, and in the years preceding the great 
Civil War 80,000 acres yielded annually nearly 50,000 
tons of cleaned rice. The ruin caused by the war and 
the changed labour conditions consequent upon the 
abolition of slavery led to the abandonment of many of 
the plantations, so that for the last forty years produc- 
tion of Carolina rice lias been less than half what it 
formerly was. 

Within, however, the last ten years, along the 
shores of the Gulf of Mexico in the States of Louisiana 
and Texas, rice-growing has been taken up on a very 
extensive scale, the necessary water being obtained by 
pumping from the sluggish streams or bayous which 
carry the drainage of the coast*lands to the sea through 
a wide belt of marshy littoral. Nearly 300 pumping 
stations supply water to 010,000 acres, which yielded 
in 1904 about 400,000 tons of cleaned rice. Sixty-six 
rice mills are in operation and it is computed that fuljy 
one crore of rupees has been invested in the industry _ 



326 


LIFT-IRRIGATION. 


frame adequate laws for the protection of water rights. 

Compared with India the conditions in the States 
are in almost every respect diametrically opposite. 
Everything has been left to private individuals and 
they have had a perfectly free hand in every way, 
there were no vested interests to contend with, capital 
was abundant and readily forthcoming, labour was 
very expensive but limber fairly cheap, the farmers are 
educated and enterprising, for livestock there is a 
large market and the products of orchards and 
gardens realize high, and often fancy prices. The 
effects produced by these conditions are clearly visible. 
No large or comprehensive projects have been carried 
out, 1 present necessities and not future prospects have 
controlled the situation : conflicting interests have 
grown up, involving much litigation and frequent 
scenes of lawlessness. The paramount consideration 
was an immediate return on the capital outlay and in 
the face of adverse circumstances it has exercised a 
dominating influence over the character of the engi- 
neering. Problems have been tackled with a boldness 
which in some cases verges on recklessness and much 
of the work will have to be done over again. There is 
no doubt that the general policy was right but it was a 
temporary one and there 4 is abundant evidence that a 
change is in progress in the* direction of a demand 
ior more solid construction and hydraulic works of a 
more permanent character. 

When once the value of irrigation was demonstrab- 
edj it was but natural that every available source of 
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water-supply should be examined and the prospects of 
making successful use of it carefully investigated. 
Farmers who had no hope of obtaining a gravity supply 
delivered on to their land turned their attention to 
the subterranean waters and from wells sunk to the 
water bearing beds soon found it was practicable to 
obtain sufficient for a patch of alfalfa or a vegetable 
garden which proved of immense value in seasons 
of deficient rainfall. To raise the water above the 
level of the ground windmills were freely resorted to 
and in the long run have proved convenient sources 
of power when the quantity required is not large and 
no great storage capacity is needed to tide over periods 
of calm weather. Hundreds of thousand* of windmills 
are now in use for pumping water in the United 
States, but only a very small percentage of them are 
doing much beyond supplying domestic requirements, 
watering stock and irrigating small fruit or vegetable- 
gardens. Where irrigation from • wells is in vogue, 
the water-supply is invariably derived from beds f of 
sand and gravel in which it is frequently found 
under artesian pressure sufficient to cause the water to 
flow up the boreholes above the level of the ground. 
In many cases this happy condition of affairs still pre- 
vails and there is a considerable area of land watered 
by such artesian wellR, but in most instances the num- 
ber of boreholet tapping the water bearing strata is so 
great that the pressure has fallen very considerably 
and the water now has to be raised by powerful engines 
and pumps. 
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Apart from windmills which are mainly UBed 
for irrigation in the States of Kansas and Nebraska, 
irrigation by pumping is most largely developed in 
California, Utah and Colarado and in the rice growing 
districts of Texas and Louisiana. The pumps 
employed are mostly of the centrifugal type, 
with either vertical or horizontal spindles, and for 
motive power practically every kind of modern 
prims mover has been tried ; whilst in California the 
system of lifting water by compressed air is in use and 
apparently with success notwithstanding the waste of 
energy which must necessarily occur when such a 
medium for transmitting power is employed, 

Compared with what is known about the yield oi 
water from wells in India those used for irrigation in 
America give very large supplies. Few, to which 
pumps are attached, yield less than half a million gal- 
lons per day and many of them several times that • 
quantity. In congruence the units of power are very 
mych larger than we can hope to instal here, the 
range being usually from 20 to GO b. p. Where the 
water-supply is derived from other sources than wells, 
as for instance from rivers or lakes, the pumping 
plants are very much larger and engines of several 
hundred horse-power are *not uncommon. The depth 
from which it pays to pump water varies enormously, 
being dependent on the value of the crops which can 
be grown, on the cost of motive power, which is itself 
a function of the price of fuel, and upon the duty of 
water for the crops under cultivation. Exceptional 
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results are possible in districts where electric 
energy derived from water power is obtaina- 
ble or where crude petroleum oil is found. In 
Utah State, at American Forks, electric power is sold 
at from 3*3 to 4*2 pies per horse-power per hour; in 
California, at Bakersfield the price is 5*6 pies, at 
Mount Whitney 3'4 pies and at Riverside 9 pies. In 
Madras, oil engines will yield a brake horse- power for 
from 9 pies to As. 1, per hour using crude oil costing 
As. 3 per gallon whilst in Texas similar oil can be 
purchased at rates which fluctuate a good deal but 
probably do not average more than As. 1 per gallon. 
In California liquid fuel is equally cheap but it is un- 
suitable for oil engines on account of the, large amount 
'of asphaltum in its composition. The distillate has, 
therefore, to he used and the price of this is practic- 
ally As. 3 per gallon or about one-half the usual price 
in Madras. In the other arid States these favourable 
conditions do not prevail and the statement would be 
roughly accurate, that in respect to the cost of gener? 
ating power farmers in America are no better off than 
ryots in the Madras Presidency. 

In the following notes I have attempted to summar- 
ize the vast mass of detailed information, which was 
kindly placed at my disposal, under convenient head- 
ings. 

irmdmiMs.-rThese are not largely used for irri- 
gation work except in Kansas and Nebraska, where the 
winds are strong and reliable and the water bearing 
strata is at no great depth from the surface. For domes- 
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tic and other purposes requiring only small amounts 
of power the American windmill is used in enormous 
numbers, but for the sake of cheapness they are too 
lightly constructed and can only work in moderate 
winds. In favourable situations windmills are proba- 
bly the cheapest engines for pumping water available 
but, till the load is automatically adjusted to the velo- 
city of the wind and in the proper proportion, the 
maximum yield of power will not be obtained from 
them. Windmills have been the subject of much study 
and investigation in the United States but the papers 
published by the Geological Survey contain discordant 
results and there is still a good deal of doubt on the 
subject of loading them so as to produce the best 
results. 

Oil Engines . — Engines of small power which re- 
quire a man to look after them are not at all economic- 
al in the States as the cost of labour is very high, 
varying from Rs' 3 a day in the south to Its. 7-8 in 
Hie west. Small oil engines are, therefore, not much 
used for pumping water, but of sizes between 10 and 
30 h. p. there are a considerable number in 
use, especially in places where they are only 
required to run for a comparatively small number of 
days in the year. Oil engine fires are very common, 
so much so that the insurance rates are prohibitive. 
This is directly contrary to our experience in India 
as here we regard oil engines as perfectly safe motors 
qnd no serious accident has ever happened to disturb 
that belief. To facilitate starting oil engines, it is a 
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common practice in America to begin with petrol and 
only when the engine is fairly at work to turn on the 
•oil and there is no doubt that thereby a very serious 
extra fire risk is introduced. 

Steam Engines . — For driving centrifugal pumps 
or air compressors, steam engines of all types are em- 
ployed, from portable engines of 8 or 10 h. p. up to 
compound Corliss condensing engines capable of indi- 
cating 500 h. p. About these engines there is 
nothing particular to note and the interest in the 
matter lies with the fuels used for generating steam. 
Wood, coal and crude oil are used and the prices paid 
for them depend upon the locality and the facilities for 
transport. In the rice irrigation tracts **f Texas oil 
costs from Ks. 1-8 to Rs. 2 per barrel of 35 English 
gallons, coal nearly Ivs. 15 per ton and wood from 
Rs. 4-8 to Rs. 9 per cord of 128 c. ft. or roughly from 
Rs. 3 to UV. 6 per ton. In the Santa Clara Valley, 
California, distillate oil, roughly equivalent to bulk 
kerosine oil, costs 3^ to As. 4 per gallon, further 
south at Bakersfield, near the Kern Valley oil fields, and 
round Los Angeles, in the neighbourhood of which 
there are also oil fields, the price of both crude oil and 
distillate is much less, but liable to considerable fluc- 
tuations. 

The comparative cost of pumping is conveniently 
expressed in terns of the cost per horse-power hour 
or per acre foot lifted one foot. An acre foot is the 
quantity of water which will cover one acre to a 
depth of one foot and is equal to 43.560 c. ft. or verv 
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approximately to a flow of one c. ft. per second for ] 2 
hours. Experiments made with an 8 h. p. portable 
steam engine on a lift of 20 feet using coal costing 
Rs. 15 per ton gave the costs, per acre foot lifted one 
foot, at As. 5. An exactly similar rate was obtained 
with an oil engine, on an lift of 33 feet, using oil 
which cost As. 7 per gallon. A steam engine supplied 
with steam from boilers fired with wood at Rs. 12 per 
cord or, say, Rs. 9 per ton working on a lift of 45 feet 
raised one acre foot one foot high for As. 3-3. This is 
about the cost in .Madras with small oil-engines and 
centrifugal pumps, but it must be remembered that 
the above figures do not include any allowance for • 
interest and (depreciation. 

Electro- Motor h . — The low rates, quoted above, * 
charged for electricity in l’tah, and California have 
rendered it practicable to use this form of energy for 
driving centrifugal pumps liftiug water for irrigation 
purposes. The current is in all cases generated by 
rater power in the canyons of the neighbouring 
mountains and transmitted across country at pressures 
generally over 10,000 volts. The three-phase system 
is invariably employed and the current is transformed 
down at the pumping ^stations to 2,200 volts or to 
2,500 volts and utilized in induction motors which 
have an efficiency of about 90 per cent. Except in 
the oil regions fuel is very dear in tl ft Western States 
and there has been every inducement to make as 
rquch as possible of the water power available. In 
California, the western sloi»es of the Sierras presented 
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an unusually large number of favourable sites for the 
development of water power which have in many cases 
■been taken up and the electric energy generated is 
raised to pressures as high as 33,000 volts rendering 
transmission possible to great distances with economy 
and efficiency. By linking up different systems power 
has been transmitted well over 200 miles and in the 
latest installation the pressures on the line have been 
raised to 50,000 volts. Electrically transmitted power 
can only be economically employed where the irriga- 
tion season lasts for at least six months and is conse- 
quently mainly to be seen in the Alfalfa fields and 
Orange gardens of the south. 

The largest pumping station is in Utah State at 
Lehi, where the river Jordan debouches from Lake Utah. 
All the water passing down the river is diverted for 
irrigation and the level of the water in the lake is now 
so low that it has become necessary to lift the water 
from the lake into the river to obtain* a supply adequate 
to the needs of the irrigation interests concerned. 

Four centrifugal pumps with 54 inches suction 
pipes have been installed and are driven through 
belting by four 100 h. p. Westinghouse induction 
motors running at 580 revolutions per minute. The 
speed of the pumps is 160 'revolutions per minute. 
The power is supplied by the Utah County Light and 
Power Company American Fork, who have a water 
power generating station in the American Fork 
Canyon, distant about five miles from the town and 
about 11 miles from the Jordan pumping station at 
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Lehi. The three-phase system of transmission is in use 
at a pressure of 6,000 volts, which is reduced by 
means of three 170 K. W. transformers to 500 >olts at 
the pumping station. The lift of the water varies with 
the level in the lake, the range being from 2 feet to 
6 feet, and the discharge of each pump is 100 c. ft. 
per second. The price paid for power is Its. 15 per 
horse-power of continuous supply per month. The 
efficiency of the motors is stated to be 75 per cent, 
and the total efficiency of the station including all 
losses when working on the maximum lilt, 33 percent, 
but at lower lifts the efficiency falls off. The irriga- 
tion season lasts six months and the pumps are at work 
98 per cent, of that lime. During the month of 
August 1904, the pumps were running 7324 hours out 
of 744. Nine hours was lost at the generating station 
and only 24 hours at the pumping station. Storms and 
unfavourable meteorological conditions accounted for 
more than half # idie lost time. In the l r tah valley 
ljghtning is often very intense and causes much 
damage to electrical installations, and it is generally 
considered better to shut down the station, when 
violent storms are in the neighbourhood, than 
run the risk of a transformer being burnt out. 
This pumping station 'cost about Its. 1,50,000 but 
it can only be regarded as* a tem^rary expedient 
whilst the whole question of irrigation from the Utah 
Lake is under investigation by the Engineers of the 
Geological Survey. It is beyond the scope of this paper 
to" enter into a discussion of the interesting problems 
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which the irrigation in this valley has given rise to but 
pending their solution this electrically driven pumping 
plant enables 40,000 acres to be supplied with water at a 
comparatively small cost. The duty of the water ap- 
pears to be about 1 00 acres per c. ft. per second and 
as the pumping season lasts 180 days the quantity of 
water delivered to each acre amounts to about 3*0 acre- 
feet. The working expenses are less than Rs. 1*50 per 
acre which is a very small charge on land the gross 
return from which a very low estimate places at over 
Rs. 100 per acre. 

In the town of American Fork small electro-motors 
4 >f one-half h. p. are installed in a number of gardens 
to drive force pumps working on tube wells for domestic 
supply and for watering the lawns, shrubberies and 
orchards round the houses. The charge for a 1 2 hour 
day service is Rs. 3 per month. The Municipal Cor- 
poration derive part of their water-supply from an 
artesian well sunk to a depth of 400 fe*et, in which the 
water rises to within 22 feet of the ground level. A 
three h. p. motor, working through a countershaft, 
drives an ordinary plunger pump, which raises the 
water into a tank from which it is delivered into the 
town mains. The total lift is about 30 feet and the 
charge for power supplied contiguously day and night 
is Rs. 30 per month. The pump is placed at the 
bottom of a brick # well about 6 feet in diameter, and 
the motor is above the ground. A small wooden shed 
covers the whole plant and once a day it is visited by 
a man to oil the bearings. 
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The generating station of the Power Company is 
situated in the American Fork Canyon, 5 miles from 
the town. The plant consists of two 500 h. p. Pelton 
water wheels worked under a head of 290 feet and 
driving two 250 K. W. three-phase alternators at a 
tension of G,()00 volts. In the town the pressure is 
reduced to 2,300 volts and each group of users is 
supplied at either 1 1 5 volts or 230 volts through small 
transformers fixed on the poles carrying the transmis- 
sion line. 

It was not possible to ascertain the extent to 
which electricity generated from water power has been 
made use of in California to raise water for irrigation.. 
The Agricultural Department of the Tinted States are 
collecting information on the subject, but their (lata 
are as yet very incomplete. The General Electric- 
Company to whom I applied for assistance were kind 
enough to supply me with a list of thirteen large 
electrical supply companies, all of whom were furnish- 
ing power for pumping water. In consultation with 
the officers of the company, three irrigation stations 
were selected for inspection as typical of the others, 
and the following notes are compiled from information 
gathered locally. 

The Bakersfield I ower, Transit and Light Com- 
pany has a generating station in a Canyon 16 miles 
from the town. The current, which is three-phase 
alternating, is transmitted at 10,000 volts and is used 
in the town for lighting purposes and by the tramway 
os well as for pumping water. For irrigation work 27 
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motors of from 30 to 40 h. p. are in use and for the 
water-supply of the town a further 10 or 11 motors 
are employed. The water is found in beds of gravel 
about 60 feet below the ground and an abundant 
supply can be secured by sinking tube wells. The 
water is under sufficient pressure to rise to within 15 
or 20 feet of the ground. At one of the town water- 
supply stations two 12 in. tube wells had been sunk 
to a depth of 100 feet and the water was drawn from 
them by a centrifugal pump directly coupled to a three- 
phase induction motor. The pump was placed just 
above the wells and the suction pipj, 5in. in diameter 
.terminated in branches, passing down the two wells. 
The pump was of the ordinary horizontal type and ran 
<it 950 revolutions per minute, delivering 540 gallons 
of water per minute through a Gin. pipe under a total 
head of 1 10 feet. The pump was primed by running 
water into it from the delivery tank, both suction 
pipes being fitted with foot valves. 

jU the irrigation stations the arrangements were^ 
different as the lift was only to the level of the ground 
and did not in any case greatly exceed 30 feet. The 
electrical pumping stations all belong to the Power 
Company which supplies the water to the Kern County 
Land Company, who use it for flhe irrigation of Alfalfa, 
at the fixed rate of lis. 4£ per cubic foot per second 
per day. A 30 h^p. motor will raise about 44 cusecs, 
so that at the price charged the power realizes less than 
G pies per h. p. hour, and is almost exactly Ks. 21 per 

month. The pumping stations differ from one another 
22 
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not only in the size of pumps but also in the driving 
arrangements. In some, the pumps are of the horizontal 
type and driven by a bell from a horizontal motor, in 
others the pumps are vertical and the motor is directly 
connected to the pump by means of a vertical shaft. 
Under the conditions prevalent round Bakersfield there 
is not much to choose between the two methods of 
running but the opinion of the men in charge of the 
pumping work is in favour of the belt-driven pumps. 
The bell is a less efficient means of carrying the power 
from the motor to the pump than is the vertical shaft, 
but the lubrication of the latter and the arrangements 
to resist the thrust due to the weight of the motor, 
pump and shaft, if not more liable to get out of order 
than belt-driven pumps, yet give rise to more serious 
accidents when anything does go wrong. The best 
evidence that can be adduced as to the ease and simpli- 
city of working at thei-e pumping stations is the fact 
that although they are 27 in number, they are all 
, looked after by two young men. The wells are 
a considerable distance from one another and for 
these attendants to get round to each well once a day 
it is necessary to supply them with a horse and buggy. 
One of them accompanied me on my visit to several of 
the wells and I saw him start and stop the pumps 
without the least difficulty although but a few months 
before he had been a farm band ancj had had no train- 
ing either in mechanical or. electrical engineering work. 
At the first station visited there were 4 tube wells of 
l2in. diameter sunk in a line, the distance between 
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them being 10 feet. The pump was of the vertical 
type and was placed at the bottom of a timber pit 
•about 16 feet below the ground, the suction pipe was 
horizontal with four branches dipping into the four wells. 
While pumping is going on the water sinks in the wells 
about 1 5 feet to produce the head necessary to maintain 
flow, so that the maximum lift was 31 feet. The delivery 
of water averaged cusees and the efficiency of the 
installat ion was 51 per cent. The. motor was of the three- 
phase induction type rated at 30 h.p. and working under 
a pressure of 500 volts. The motor, pump, vertical 
shaft and delivery pipe wore carried by a steel fVame- 
work, square in plan, built of angles and bais and stiff 
enough to keep all the running parts in perfect align- 
ment. The transformers, two in number, were in a 
separate shed and the connection with the high tension 
lines was made by a switch of simple construction 
placed outside, lightning-arresters were also provided, 
and an automatic device for switching out the motor 
should a temporary interruption of the current caus$ 
the pump to lose its suction vacuum. 

Two other pumping stations were also visited in 
which horizontal belt-driven pumps were in use. The 
belt drive was rather long and the belt was of very 
ample dimensions for the power to be transmitted. At 
one station the pump was primed by an ordinary force 
pump worked by hand and the operation of starting 
was distinctly laborious ; at the other a small pump was 
driven through a countershaft by a belt off the punjp 
spindle. The pumps were placed at a level consider- 
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ably above that of the water in the wells and consequent- 
ly the auction lift was much longer than in the case 
of the vertical pumps. In other respects the equip-, 
ment of these stations was all of the same type. 

The water delivered from each pump is run into a 
pump provided with fine screens to damp down the 
oscillations of the surface and then passed over a thin 
edged weir made from a sheet of steel plate. The 
weirs were usually 3 feet in length aud the depth of 
water on the crest is measured by means of a hook 
gauge, with a micrometer screw, sliding on a graduated 
Fcalo: In Bulletin No. 80 of the Y. S. Department of 
Agriculture, discharge tables for such weirs have been 
computed and are found of great value in measurements 
of water coming from channels or streams as well as 
from pumps. The extraordinarily high value to which 
water for irrigation has risen in recent years, has 
naturally led to more care in its measurement than is 
the practice in India and sharp edged weirs, especially 
.those of the Oippoletti pattern, are very largely used in 
ordinary distribution work. 

Ontario , — This is an irrigation colony entirely de- 
voted to the cultivation of citrus fruits which was 
started by Messrs. Chaffey Bros., of Ontario, Canada, 
and subsequently betted knowp in connection with their 
irrigation schemes at Renmark in South Australia. 
When supplied with sufficient water the soil is extremely 
fertile and the conditions generally are peculiarly ad- 
apted to the growth of oranges and lemons for which 
there is a splendid market throughout the States and 
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admirable transportation facilities. The quantity of 
water available for irrigation is limited and insufficient 
for the area of land which could be brought under 
cultivation; hence there has been every possible 
inducement to prevent waste of water and secure a 
high duty. The water-supply is mainly derived by 
pumping from artesian or sub-artesian wells and it is 
conveyed to the fields in concrete pipes and the distri- 
butory channels are all of concrete. Furrow irrigation 
is invariably employed, and to avoid loss by evaporation, 
the water is sometimes carried down the furrows in 
pipes buried in the soil. 

In Southern California flowing water is usually 
measured in “ miners’ inches,’' of which 50 are equal to 
one ousec and one miners’ inch is considered sufficient 
for the irrigation of 10 acres of land in Ontario, so that 
in ordinary terms the duty of water is 500 acres per 
ousec. The profits from citrus cultivation are very 
considerable and as land without water is valueless, 
water rights are extremely valuable. The capitalized 
value of one 1 cusec is about 3 lakhs of rupees, equiva- 
lent to Its. ] 5,000 per annum and equal to a water-rate 
of JRs. 30 per acre, but water especially in seasons of 
scarcity is occasionally sold for much higher rates. One 
man who has more water than*he needs is able to dispose 
of his surplus at the rate of Its. 75 per day for 30 
miners’ inches *>r 0*6 cusecs, which is considered a 
sufficient watering for 10 acres. At Ontario the water- 
supply is controlled by the San Antonio Water Com- 
pany, the whole of the stock of which is held by the 
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fruit-growers in proportion to the area ot land whifth 
they occupy. Each 10 acres is entitled to a continuous 
flow of one miners’ inch, but as that is too small a 
stream for satisfactory irrigation, the custom is that 
each 10 acre plot gets a stream of 30 miners’ inches 
for one complete day in the month. The electric 
generating station is situated in the San Antonio 
Canyon about 8 miles to the north of ( Intario and the 
power is brought into the colony by overhead trans- 
mission lines at 10,000 volts pressure. The pumping 
plants make use of the greater part of the power hut it 
is also employed in driving motors for miscellaneous 
work, for electric lighting, and for electrical cooking 
and heating. For these pm poses the energy is retailed 
at from As. 1-3 to As. 1-0 per Kilowatt hour. 

The wells, from which the water is pumped for 
irrigation, are situated in the debris at the foot of the 
San Gabriel Mountains and are H in number. A des- 
cription of one punrping station will apply to all. The 
power for all the wells is distributed at 2,200 volts 
from a central transformer station where the lines 
from the generating station bring in three-phase 
current at 10,000 volts. The wells are supplied, each 
with a horizontal induction motor capable of 
working continuously at iiO h. p. output and the centri- 
fugal pumps are tf the vertical type and driven by 
quarter twist belts. At one station, the pump was 
placed at the bottom of a timbered shaft 140 feet deep 
and immediately over a 12in. tube well sunk a further 
460 feet. Owing partly to a long series of years of 
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deficient rainfall and partly to the very heavy demands 
now made upon the stores of subterranean water, the 
Level in the wells at North Ontario is steadily falling 
and nearly every year it is necessary to deepen the 
shafts and lower the pumps. For these reasons the 
horizontal motors and belt drives are employed. At 
the time of my visit the depth of water flowing over the 
3 feet measuring weir was 3’375in. indicating a dis- 
charge of 90 miners’ inches or l *80 eusees on a lift of 
about l,")") feet. The pumps which are two stage usu- 
ally run for months without stopping but they are 
examined and oiled every four hours. Electrical power 
1ms been in use only some three years ; previously 
both oil and steam engines were employed, pumping 
•having been necessary for the last ten yeaVs. 

The (laqe Canal Company, Riverside : — This Com- 
pany possess 13 groups ot wells Mink on the banks of the 
■Santa Ana river and asupply of about 1.500 miners’ inch- 
es or 30 eusees is obtained by pumpii^ with power pur- 
chased from the Edison Electric Companies* system, at 
the rate of As. 1 per K. W. hour. ( )ne group of wells was Cf 
in number, each a 7 in. tube sunk 400 feet. The water 
rises very nearly to the ground level and the working 
lift was about 32 feet. The gauged discharge of the 
pump was 205 miners’ inches* or 5*30 msecs. The 
pump was vertical aud driven by a horizontal motor 
through a qnarter twist belt. Most of the wells con- 
sist of a single tube 10 or 12 inches in diameter and 
sunk to a depth of from five to six hundred feet. 
Vertical motors mounted on the pump shaft are ndt 
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employed as the pumps? have to be lowered occasionally 
and whilst the wooden shaft is being sunk it is neces- 
sary to keep the pump running. It is, therefore, sus- 
pended by a stout wooden framing from beams fixed at 
the floor level of the motor shed. Formerly all the 
wells used to flow, but now no water can be obtained 
except by pumping and the cost of irrigation per acre 
has been raised from Rs. (» to Rs. 23. 

Mr. Pedley, the General Manager of the San 
Jacinta Land Company, thus briefly narrates the history 
of the Temescal Water Company’s plant. “ Ten years 
ago this company had flowing artesian wells, but the 
supply gradually decreased owing to a series of dry 
years, and then the company began to pump from some 
of the weaker wells in order to supplement the supply 
from the stronger ones and in a short time all the wells 
censed to flow. The pumping was begun with centri- 
fugal pumps and oil engines. The water level fell 
steadily about t’.m feet per year and the wells were 
then dug down to water level and the pumps lowered. 
This process was unsatisfactory and expensive in every 
way. The pumps were not suitable for the greater 
depths and the engines were not powerful enough and 
so had to be changed. Then the company experiment- 
ed with a steam driven air compressor and raised the 
water by injecting compressed air into the wells at a 
point about 1 60 feet below the surface ; the bubbles of 
air, rising rapidly, expand ay the pressure decreases, 
and so lighten the column of water that the pressuer 
at the bottom is sufficient to eject a considerable stream 
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of mixed air and water. The process was convenient and 
reduced labour because the air was all compressed at a 
eentral station and piped to about 20 different wells 
doing away with a number of small oil engines. Ifc 
was, nevertheless, very expensive, and, finally, the 
Company had to adopt electric power generated at a 
main station and distributed to motors.” 

The brief account is interesting as typical of what 
is going in the country not only in regard to irrigation 
by pumping or even irrigation generally but in regard 
to almost all fields of activity. Some one lights -upon 
agood thing and every one wants to be in it, over- 
development ensues and difficulties are created, which 
are met by heroic methods, the very boldness of 
which contributes not a little to the ultimate success. 
The Californian orange grower has in some respects 
very favourable conditions under which to work. 
His present prosperous condition is* due not only to 
making the most of them hut also to the display 
of unusual skill and energy combined with adequate 
capital to command the services of the best obtain- 
able expert, engineering assistance and further to 
what is perhaps almost as important, unbounded 
faith in the possibilities dT modern engineering. 
The average American, if he reads nothing else, reads 
his Sunday papa's and dwells with huge delight and 
complacency on the popular science sections, in which 
are recorded the triumphant applications of physical 
science to the solution of the material problems which 
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constantly arise in the strenuous efforts they are making 
to open up the vast territories they have occupied. 

Pumping by Compressed Air. — The Pohle Air 
lift is largely used for raising water from tube wells 
and is especially convenient where the wells are of 
small capacity and fairly numerous. For dealing with 
large bodies of water its mechanical inefficiency is 
against it but in other respects it is extremely satisfac- 
tory and requires no supervision outside that necessary 
for driving the air coin pressing plant. Through the 
kindness of Mr. ,1. B. Lippincotl, the Supervising 
Engineer of the U.S. Geological Survey in Eos Angeles, 
I was furnished with a copy of a report on the efficiency 
of these lifts made by Mr. David S. Mavpherson. The 
experiments were made at the Cudahy branch where 9 
wells have been sunk at distances ranging from 20 to 
800 feet from the air compressors. The wells are all 
12in. tubes perforated in the water hearing starta. The 
statical level of the water is 45 feet below the surface 
but the pumping lowers it about 15 feet so that the 
total lift during the trials was GO feet. The power 
plant consisted of 4 single cylinder air compressors each 
1 Gin. by 18in. Two of the cylinders were driven by 
direct acting steam engines and two by a single cross 
compound engine. Tbe'air compressors all deliver into 
a common receiver and the power required to drive one 
of the compressors was found by indicating one of the 
direct acting engines and multiplying the result by 
four. The wells discharge into a common flume and by 
current meter ofcsenations the flow was determined to 
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be 6*014 cusecs equal to 41*1 h. p. m the water lifted. 
Four times the indicated h. p. required to drive a single 
compressor was 173*34, so that the efficiency of Che 
plant was 23*7 per cent. Jn each of the wells a Gin. tube 
was submerged 00 feet and the com pressed air from the 
receiver at a pressure of 45 lbs. per square inch is car- 
ried in a small pipe down the well and the end of it is 
turned up so as to discharge the air into the Gin. deli- 
very pipe. 

The most recent practice favours a submersion of 
the delivery pipe from 2.\ to 3 times the height to 
which the water is to be lifted and the air pressure should 
J>e just sufficient to allow a ire** flow. The methods by 
which the above stated efficiency was determined are, 
ef course, open to criticism as lacking in accuracy but 
they are probably devoid of serious error and agree with 
the generally prevalent impression among Californian 
engineers that the efficiency of well established plants 
is in Ihe neighbourhood of 23 per cent. 

Severn 1 installations were visited in the country 
round Pasadena in company with Mr. J. J». Lippincott* 
to whom I am greatly indebted for much courteous 
assistance when making enquiries in this matter. Part 
of the w'ater-supply for the town is derived from 4 wells 
each of loin, bore sunk to a depth of about 400 feet. 
The discharge pipes were Gin. in diameter and the lift 
about GO feet. The # air compressor w r as of the two stage 
type and the jressure in the receiver was SO lbs. per 
square inch. The water was raised to ground 
level and after passing through a settling tank, tft 
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get rid of any sand, was lifted an additional 40 feet 
by a centrifugal pump, driven off the flywheel shaft of 
the air compressor. The plant belonged to the We3t 
Side Water Company and as its purchase by t.lie town 
was under consideration, the engineer in charge was 
unable to afford any information regarding efficiency 
or working expenses. 

The second installation belonged to the East 
Whittier Land and Water Company and consisted of 14 
wells discharging into a concrete flume. The lift was 
about 20 feet at the time but only a few wells were 
being drawn upon and when full supply is being taken 
it is probably considerably more. The air compressor 
was of the two stage type and was driven by a Corless 
engine, which under full load was capable of indicating 
500 h. p. Steam wa< generated in tubular boilers, 
liquid fuel being used. One man was in charge of the 
station and there is no doubt that here, where labour 
is very expensive, the advantages of this method of lift- 
ing water were exemplified in a high degree. 

At a third station near Delmonte there are 9 wells. 
Three with a lift of 70 feet and the other six with lifts 
of from 85 to 92 feet. A Smith Vaile compound 
engine indicating 140 h. p. drives the compressor 
which raises the air to a pressure of 5(> lbs. per square 
inch, 6*2 e. ft. of free air are used per c. ft. of water 
lifted. 

From enquiries subsequently made in London it 
appears that the Pohle Air lift is very extensively used 
both in Great Britain and on the Continent. Mr. 
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C. T. A. Hanssen, in an article contributed to the 
Engineering Jtieview of July 1904, states that upwards 
of 900 installations are at work. 

In a paper read before the British Association of 
Water Works Engineers, Mr. W. H. Maxwell, the 
Borough and Water Works Engineer of Tunbridge 
Wells, gave some interesting information regarding a 
Pohle Air Lift which he had installed to supplement 
the water supply to the town. The boring is situated 
at a distance of 530 yards from the engine house, and 
is 350 feet deep; 200 feet is 15in. diameter and lined 
with solid steel tubing, 150 feet is 13 Jin. in diameter 
^ind lined with perforated tubing. The air compressing 
plant consists of two sets of two stage compressors with 
intercoolers. The steam cylinders are of 8m. and 12in. 
diameter and the air cylinders of lOin. and Gin. diame- 
ter, the stroke being 14in. The compressed air is 
carried to the well by a 4in. cast iron main terminating 
in a 2jin. pipe which* descends to th*> bottom of the 
well and by a l : piece delivers the compressed air into 
the rising main which is 7in. in diameter. The cost of* 
the installation excluding engine house, boilers, and 
lining and boring well was Its. 50,G25. A number of 
tests of the plant have been made which show clearly 
that the efficiency is greatly dependent on the ratio of 
the immersion of the air pipe to the height the water is 
lifted. In the trial, which gave the best result, the 
lift at the beginning was 84 feet and at the end lOG'G 
feet, and the ratio of immersion to lift varied from 3*01 
to 2*2. The average discharge was 24,100 gallons i)A* 
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hour and the efficiency calculated on the I. H. P. of 
the engines was 36*6 per cent, and on the I. H. P. of 
the compressors 40 per cent. 

Even better results were obtained with an Air Tift 
fitted up by Messrs. Hughes and Lancaster for raising 
sewage at Rothesham. In a well, A feet in diameter, a ris- 
ingmain 12in. diameter was fixed and immersed to a depth 
of 25 feet. Air under a pressure of 12 lbs per s<p in. was 
delivered through a 3in. pipe. The lift was i )';> 0 feet. 
During a trial 1808*0 gallons per minute or 4*823 
cubic feet per second were raised with 3*4 11 cubic feet 
of air per second. The efficiency was 411*3 per cent. 

A well designed Airlift is a very convenient device 
for lifting water audit is' the inefficiency of.the methods 
of compressing air which are in the main responsible 
for the low ratio of the output of useful work 
to the total power expended. The Air Lift is a 
device applicable with advantage only to deep tube 
wells and is not’ likely io be of much use in India,* 
where the wells are usually shallow and under normal 
conditions seldom contains any great depth of water. 
For the water-supply of towns, and possibly also for 
irrigation, it might be worth while to experiment with 
tube wells, sunk by hydraulic jets in the deep sandy 
beds of some of our rivers. Air Lifts are the only 
practicable means of drawing the water from such wells 
and it is more than probable that ve'-y large quantities 
of water could be obtained in this way. The wells 

* Except in places where Artesian supplies of water have been 
found. 
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would require protection from scour near the surface 
and the cheapest way would be to take advantage of 
some existing permanent masonry structure stretching 
across the river such as a bridge, auieut or causeway. 
American experience seems to show that the choking 
of the tubes by sand can easily be prevented. 

Pumps . — American engineers have naturally paid 
a great deal of attention to machinery for lifting water 
and the Californian practice of to-day is the outcome 
of fully five and twenty year?.' intelligent study of the 
many phase* of the water lifting problem which irriga- 
tion necessities have brought into existence. . For 
.dealing with large quantities of water the centrifugal 
pump is universally employed and the details of its 
■design have been gradually perfected so Shat it is now 
a fairly eftiv lent machine capable of running continuous- 
ly for long periods. Pump makers are prepared to 
guarantee efficiencies of from GO to 75 per cent, the 
higher value with the larger pumps, »but in practice, 
when the friction of the suction and delivery pipes is 
allowed for, the useful work in tire water delivered is 
seldom more than 55 per cent, of the power expended. 
For high lifts two and three stage centrifugals are 
employed, the pumps being placed at the bottom 
of a pit sunk to the water levdl. They are invariably 
of the horizontal type with vertical shafts and are 
generally driven Jty quarter twist belts though in 
some instances where electricity is used the motors 
are fixed above ground on the top of the ver- 
tical shafts. When the pumps are running, the down- 
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ward thrust is j)artly or wholly balanced by the upward 
pressure on the pump wheel due to the suction entering 
on the top of the pump casing. When the pumps 
draw water from one or several tube wells grouped 
together foot valves are out of the question and at 
starting either steam ejectors or air pumps are used to 
create the necessary vacuum. Where foot valves are 
in use the pumps are primed from an overhead tank 
which is kept full of water and ready for use at any 
moment. For the rice irrigation in Texas and 
Louisiana both rotary and centrifugal pumps are used. 
The latter are preferred though the former are more 
efficient. The quantities of water dealt with are some- 
times extremely large but the lift \> not great, averag- 
ing about 20 feet. The diameters of the pump dis- 
charge pipes range up to as much as GO inches with a 
delivery of 100 c ubic feet per second. Direct coupled 
engines and pump* are not in favour and belt or rope 
drives are usually employed. 

The enormous development of windmills for 
jumping water has led to a good deal of attention 
being paid to the design of small bucket pumps. A 
careful series of tests by Professor 0. P. Hood publish- 
ed in the Water Supply and Irrigation Papers of the 
Geological Survey, show that efficiencies of over 
80 per cent, are easily obtainable when the speed of 
working is. not too great. The most important feature 
in the design of these pumps in the * provision for the 
withdrawal of the piston aifd suction valve for examin- 
ation or repair when the pump is submerged. On the 
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oil fields of California I saw a large number of deep 
well pumps worked by wire ropes attached to a large 
eccentric driven by an oil or steam engine. In some 
cases more than a dozen wells were being pumped by one 
centrally situated engine which, through a pair of bevil 
wheels, drove a vertical shaft carrying an eccentric, 
to the sheaves of which the wire ropes radiating in all 
directions were attached. The shaft made about 15 
revolutions per minute and the eccentric had a radius 
of 12 inches giving the pumps a stroke of 2 feet. The 
wires were suspended in slings attached to cross arms 
on wooden poles and the pumps could be worked sktis- 
JFactorily at a distance of half a mile from the engine. 
It seems to me that this system is capable of very 
extended application in this country where there are 
many tracts of country with numerous shallow wells, 
none of which are individually capable of yielding 
sufficient water to give employment to the smallest 
practicable installation of oil engine ^and centrifugal 
pump. By installing a bucket pump in each well and 
coupling it up by wire rope to a central station of this 
kind it will be possible to employ an oil engine to 
pump water from all the wells situated within a radius 
of half a mile. The efficient^ of this method of 
transmitting power is fairly high and it ought to prove 
quite as economical a method of pumping as with 
centrifugal pumps. t To adapt this system to irrigation 
a great many details have to be worked out, but there 
appears to be nothing serious to overcome. It is* 
certainly worth trying in this country because, if 
23 
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successful, it opens out a very wide field for the 
application of mechanical power to the lifting of water 
for irrigation. 



CBOSSLETS OIL ENGINES 

The simplest, cheapest and most reliable 
Power Producer. 



buns with kerosene lamp oil or crude oils, 

IN FACT WITH ANY LIQUID FUEL. 

BEST QUALITY ONLY. 

Write for Prices and Particulars to the : 

Sole Agents for the lfadras Presidency and Mysore, Travaneore 
and Cochin States. 

BARES&CO., Ltd.. Tjr 1AIRAS. 








“ ABYSSINIAN ” 

OR DRIVEN TUBE WELLS. 

RECOMMENDED BY THE BANITARY 
COMMISSIONERS OF BENGAL. 
BOMBAY AND MADRAS. j 

Attention is particularly directed to this I 
simple method of obtaining water, where pure 
water is an inestimable boon. 

This system offers every advantage of rapid* 
ity and economy in obtaining unfailing sup- 
plies for irrigation, manufacturing and other 
purposes, thereby onabling operations to be 
earned on where hitherto the want of water 
has proved a fatal barrier. 

Tube Wells are suitable for light, sandy or 
gravel Boils, chalk and other porous water- 
bearing Btrata, where water is found within 
2f» feet of the surface and are not recommend- 
( ed for clays, marls, and line Hands, neither 
can they penetrate Rock.'* 

Steam, Wind, Bullock, or manual Pumps 
SgSll^ are adapted to these Wells : hence tracts of 
1 country at prosent lying idle can be converted 
i into excellent land for cultivation. 

Fi* I shows a Tube Well driven into the 
ground to a depth of 25 feet. 

S Sets of Driven Tube-Well PnmpB. 

We recommend our improved Closed Top 
□■ws Pitcher Spout Pumps, No. 205, because they 
HI arc cheap and effective in the majority of 
&EI instances, but they have the defect that unless 
J® the Pump is frequently used, there is a little 
Sjlgj difficulty in re-starting them. We consequent- 
g§| ly advise the use of No. 289 Pump. In this 
gj&J Pump the water always stands above the val- 
313 ves, and the Pump can be worked at auy time 

S g without trouble. 

| No. 3. SET consisting of 20 feet of 
— ^jp^ ' l.V-in. Well Tube, No. 205 
Pump as illustrated with 3.V- 
in. barrel. Filter Point, por set, Rs. 49 
-^gg? No. 4. SET as above, with No. 289 
special Lift «.nd Force Pump, 

S5P. Ijerset ... R a . 90 

Write for further particulars to : 

m Oakes & Co., Ltd./ 

II Post Box 60, MADRAS. 
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. ENGINEERS, IRONFOUNDERS, COPPER- 
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Buildings, Roof Trusses, Well Curbs, Caissons, 
Sluice Gates, Cast-Iron Columns, Lamp Posts, 
Spiral Staircases, Ornamental Railings, Road 
Rollers for Hand and Bullock Power. 

SANITARY ENGINEERS, Plumbers, Drain- 
age and General Contractors. 

CONTRACTORS to the Public Works 
Department, Indian Railways, Municipalities, 
* Local Fund Boards etc. 

LARGE STOCKS ARE KEPT of Dorman 
Long & Co’s., Rolled Steel Joists, British Steel 
Plates, Sheets, Rounds, Flat, Squares, Angles 
and TEE Bars, Engineers and Contractors, Tools^ 
Hand and Steam Power Pumps and Pumping 
Machinery, Agricultural Machinery etc. 

SOLE AGENTS for Tylor and Sons’ Water 
Metres, Waste Preventing Waives, Waterworks 
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Ironworks, No. 93, Broadway. 
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NEW DIAPHRA8M SUCTION LIFT PUMPS. 

FOB IRBIGATING GARDENS, he. 
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The Diaphragm Suction Lift Pump is fitted with the suction at ' 
bottom or at side. In these Pumps the diaphragm takes the place 
of the plunger fend they aro particularly adapted for pumping, 
water containing mud, sand, gravel, sewage, coal, chips or any 
semi-fluid matter. 

The Levers are reversible and work at back, or on cither 
side. Pumps with bottom suction are used in places where they 
oau remain stationary. 

The lower Vahfe is of Metal, rubber-faced, easy of access 
and readily removable. Waterways are large and easy. Diaphragm 
is made of best quality rubber. 

*No. 0111 Diaphragm Pump with Suetion at Bottom for 3 inch 
suction and delivery Hose. Approx discharge 3500 
gallons per hour ... ... ... Rs. 90-0 

„ „ Diaphragm Pump with Suction at Bottom for 4 inch 

suction and delivery Hose. Approx disoharge 6000 
gallons per hour ... ... ... Rs. 155-0 

No. 0112 Diaphragm Pump with Suetion at tide of Pump for 

3 inch snetion and delivery Hose. Approx discharge 

3500 gallons per hour ... ... ... Rs. 110% 

„ „ Diaphragm Pump with Suction at side of Pump for 

4 inch suction and delivery Hose. Approx discharge 6000 

gallons per hour f .. . ... ... Rs. 208-0 

OAKES A Go., Ltd., ADDRESS. 
Post Box No. 60, MADRAS. 
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DEEP WELL LIFT 

AMI) 

F’ORCE PUMPS. 

For Wells of 20 to 100 ft deep. 

The illustration represents a 
Deep Well Pump Standard and 
Cylinder in operation. It will be 
seen that— 

1. The Cylinder or Working 
Barrel is lowered to within 20 or 
lfl feet of the water, or it may be 
placed in the water if well is 

ep. 

2. The Standard is fixed over 
the well and an Iron Rod attached 
to the Lever handle passes down 
the Suction or Connecting Pipe 
and works the Plunger.* The 
Pumps can be supplied with single 
or double-acting Cylinders. 

The depth of the well should 
determine the siao or Cylinders. 

For particulars and prices 
write for Catalogue . 

Estimates for Pumps. 
30 feet Deep- 

all parts fitted together and 

MARKED BEFORE DESPATCH. 

Deep Well Pump complete with 
No. 120 Standard, No. 0120 
Single-acting 2£ inch Cylinder, 
1‘ inch Suction and Connecting 
Pipes, Pump Rods, Couplings 
and Guides, Foot Valve and 
Strainer for Wells of 30 feet Deep 
Rs. 92-8. 

Extra Pipe with all Fittings 

per foot. Rs 12. 

48P* Packing is an extra cost, and 
varies from 2£ to 5 per cent, 
more on the price. 

LEXTER Post Box HoflpRC* 
ADDRESS.. VO. 60. Ullllll 


Playton & Shuttleworths. 


Portabli Sham Engines, Traction Engines & lead Rollers- 



Catalogues of Log Burning Engines and Boilers, etc. and Estimate 
given of any required size on application tO' 

Rolf Aft A Pa I III Solc Agents for the Madras Presidency 
UaUO a UU- J LIU* the |( yi0ret Trnvnneore 9 Cochin State 


Everything supplied ir^ Er\gineering and Hardware Stores. 













Massey and Co., Ltd., 

ENGINEERS, 

MADRAS. 



Sole Agents in Southern India 

FOK 

REES “ ROTURBO” PUMPS- 

(Agent* in Northern India, Oaler f Co., Calcutta.) 
Pumps 3" to 10" always in stock. 

• :o: 

Estimates for complete pumping plants consisting of 
Hornsby Engines and “ Roturbo ” Pumps, 
furnished on application. 


Messrs. Batliboi & Co., 

49, Forbes Street, Fort, 


BOMBAY. 




ALWAYS IN STOCK:— 

Looms, Ginning and Pressing Machin- 
ery, Lathes, all kinds of Pumps, Print- 
ing Machinery, Oil, Flour, Oat, and 
Rice Mills, Grain Crushing Machines, 
Beltings, Platform, Beam, and Cart, 
Weighing Scales, Drilling, Screwing, 
Punching, Shearing, Shaping, Slotting, 
and Plaining Machines, W. I. Pulleys, 
Shafting and Gearing, Winnowers, 
Wheat Dressers, Mill >t Prels, and Gin 
Stores. 

Prices and particulars on application. 



Messrs. Batliboi & Co., 

49, Forbes Street, Fort, 
BOMBAY. 



Messrs. PENMAN & Co., Ltd. 

Well-Known Makers of Highest Class 
of Steel Lancashire & Cornish Boilers 
from 100 to 200 lbs. Working Pressure. 

Thousands of these Boilers working in 
Mills and Factories of all kinds. 

Prices and particulars on application* 



Greaves Cotton & Co., 

Engineers & Machinery Importers, 
BOMBAY. 

Sole Agents for 

“ EUSTON ” PATENT OIL ENGINES 

~ AND — 

HELICAL CENTRIFUGAL PUMPS 

SUITABLE FOR BOTH CRUDE & REFINED OJL. 

- BY - 


RUSTON, PROCTOR & CO., LTD. 



HUNDREDS WORKING SATISFACTORILY IN INDIA. 


What is claimed for the 

“ Euston ” PATENT OIL ENGINES 

after long experience is : — 
Highest economy, Adaptability, Cleanliness, Simpli- 
city, Easy starting, Regular running, Freedom from 
repairs, Efficient lubrication, etc. 

Estimates free on application to 

GREAVES COTTON & GO., 

Engineers and Machinery Importers, BOM BUY. 




HuyJreds working satisfactorily in India. 



KEROSINE 


COMPLETE 
COMBUSTION CRUDE 


OIL 

ENGINES. 
CENTRIFUGAL 


OIL ENGINES 
PUMPS. 


Stocks held by:— 

MARTIN & C9., 

Engineers and ^Contractors. 

6*7, CLIVE STREET, CALCUTTA. 





IRRIGATION PUMPING OUTFITS. 


Wo can make l 1 nits for any quantity of water and 
for any height of delivery. 

We make a speciality of designing Pumping 
Machinery for irrigation purposes whfcre large capacity 
is needed. 

We are Manufacturing at present Small Pumping 
plants, which are specially designed for Indian 
conditions, to meet the demand which exists for a 
reliable means of lifting moderate quantities of water, 
moderate heights, by cheap methods. 

Write for special literature to 

WORTIIINGTlN PUMP COMPANY, LTO., 

to, Clive Street, 

CALCUTTA. . ' 
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SWAMI VIYEKANANDA 

An Exhaustive and Comprehensive Collection of 
HIS SPEECHES AND WRITINGS. 

This publication is the first of its kind. It is the most exhaus- 
tive and comprehensive collection of the work of Swami Viveka- 
nanda hitherto published. It contains, among others, his eloquent 
oharaoter sketch of “My Menter ” ; his celebrated lecture at the 
great Parliament of Religions at Chioago ; all the important and 
valuable speeches delivered in England, America and India on 
Gnana Yoga, Bhakti Yoga, Karma Yoga, Vedantp, and Hinduism ; 
selections from tho inspiring speeches he gave, in reply to address- 
es of welcome ibac were presented to him at different towns and 
cities in India, during bis historic journey from Colombo to Al- 
xnora, on bfe return Jrtm America. 

Detailed contents —My Master; Hinduism as ». Religion; 
Reply to the Addresses of Congratulations from Madras and 
Calcutta ; The Idpal of Universal Religion; God in Everything; 
lihmortality : Is the Boul Immortal ; The Freedom of the 8oul ; 
Maya and Illusion ; Mava and tho Conception of God ; Maya and 
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Messenger ; The Relation of Buddhism to Hinduism ; The True 
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Poems, etc. Contains also Four Portraits. 
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Price Ri 3. To Subscribers of “ The Indian Review,” Be. 2 ■% 


HINDU PSALMS .AND HYMNS 

BY MB. K. V. BAMA8WAMI, B.A. 

The author has given some of the choicest stotras both from 
the olassical and tbegrernacular literatures of India. Apart from 
the Sanskrit hymns from the Vedas, Paranas, and the Upanishada 
with their English translations, we have selections from the 
ohantings of Thukaram, Kabir, and Mabar, Price At. 4. 
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Sri Sankar&eharya.— I— His Life and Times. By C. N. 
Krishnaswamy Aiyar, M.A..L T. II— His Philosophy. By Pandit 
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M.A., B.L. As. 12. To Subscribers of the “Indian Review.” As. 8. 

The Life and Teachings of Buddha. By Dharmapala. Second 
Edition. Price As. 12. To Subscribers,” I.R.”, Aa. 8. 

Sri Sankaracharya’s Select Works — The Text in Sanskrit 
Devauagirj type and an English Translation. By B. Venkatara- 
manan, B A. Price Re. 1-8. To Subscribers of “I. R.” Ro. 1. 

The Yaishnayaite Reformers of India —Critical Sketches of 
their Lives nnd Writings. B*- T. R ijagopalachariar, M.A., B.L. 
Price Re. 1. To Subscribers of “ I.R. W As. 12. 

Swaral tfiyekananda,— An exhaustive and comprehensive col- 
lection of his speMoniis and writings. With four portraits. Fifth 
Edition. Price Rb. 3. To Subscribers of “I R.” Rb. 2-8 As. 

Aspects of the Vedanta. By various writers. Second Edition. 
As. 12. To Subscribers of the “ I. R.,” As. 8. 

Ten Tamil Saints By Mr. M. 8. Purnatingam PilUi, B.A., 
L.T. Price As. 12. To 8ubscrioers of “I, R., ” Ah. 8. 

India’s Untouchable Saints. By K. V Ramaswami, B.A., 
B.L. Price As. 6 To Subscribers of “ 1. R., ” As. 4. 

Essentials of Hinduism. A symposium by eminent Hindus. 
8econd Edition . As. 12. To Subscribers of “l.R.” As. 10. 

Hindu PBalmB and Hymns. By Mr. K. V. Ramaswami. As.4, 

Xaitreyi : A Yedic Story. By Pandit Sitanath Tattva- 
bhnshan. Price As. 4. 

Light on Life.— A Selection of Five Spiritual Discourses by 
Baba Fermauand Bharati. Prioe As. 8. To Subsoribers of the 
** Indian Review,” As. 6, 

iSTIf you have not already seen the Indian Review , the cheapest, 
the best and the most up-to-date Indian periodical, edited by 
Mr. G.A. Natesau, send your name and address with a four anns 
postage stamp for a specimen copy. Pmgle oopy, As. 8 
Annual subscription in India Rl. Five. (Foreign) Rs. 7-8, striotl] 
payable in advance to Messrs. G A. Natesan & Go.. Publishers, oi 
she “Indian Review,” Suukurama Ohetti St., George Town, Madras 

• ' ' “ " 

G.A. Nabesan &Go., Publishers, George Town, Madras, 



ESSAYS AND DISCOURSES 

By DR. PRAFULLA CHANDRA RAT. 

PREFACE:— This is tbs first attempt to prosen: to the 
■ public a comprehensive collection of 'he Essays and Discourses 
of Dr. P. C. Kay, ibe well-known Indian ohomist, Dr. 
Bay’s researches in chemistry and his eloquent exposition 
of the ancient Hindu Hoienee are matter of amumon knowledge. 
Appropriately, therefore, h’s contributions on scientific researches 
and Hindu Chemistry find precedence m this volume. But 
his interest in industrial and educational matters has been 
no less keen as will be seen from a perusal of his spirited 
evidence) before the Industrial and the Puolic Services 
Commissions. His paper on “ The Bengali Brain and its Misuse” 
and his address to the Indian National Social C inference at 
Calcutta contain some trinchwfc criticisms of the Hindu 8ooial 
polity. His handsome tributes to the services of suoh •Indian 
patriots as Anand-a Mohan lioso and Daiibhai Naoroji and his 
generous appreciation of iho life and career of 3ir William Wedder- 
buru testify to the silent interest he has all alqpg been taking in 
the political advancement of this country. 

The addition of a biographical sketch and the list of original 
contributions by Dr. Kay and his pupils of cho Indian School of 
Chemistry will, it is hoped, enhance the value of this collection. 

CONTENTS.— Saicutific Education in India, Progress of 
Chemistry in Bengal, Chemistry at the Presidency College, Pursuit 
of Chemistry in Bengal, Chemical Industries iu India, Chemistry m 
Ancient India, Antiquity of Hindu Chemistry, Higher Ssionce^m 
the Universities, Chemistry and Medicine, Science in the Vernacular 
Literature, Indian Eduoatiou, The Educational Service, Centenary 
of the Presidency College ; The Bengali Brain and its Misuse, Social 
Reform in India, Government and Indian Industries, Ananda 
Mohan Bose, Dadabhai Naoroji, Sir William Wedderouro, The 
.Indian School of Chemistry, Bengal Chemtoal & Pharmaceutical 
Works, Ancient India, Modern India. With a Frontispiece. 

SELECTED# AND REVISED BY THE AUTHOR. 
Price Bs. 3. To Subscribers of the “I.E,” Rs. 2-8. 


G.A, Nat 03 ftu & Co,, Publishers, George Town, Madras. 



DELHI: THE CAPITAL OF INDIA 

'T*HI8 is a thoroughly revised and enlarged edition of “All About 
* Delhi,” a publication issued a few months before the Delhi 
Coronation Durbar, The original edition wab got up in some hurry 
to serve as a guide book to the thousands who thronged to Delhi to, 
witness the Coronation of the King Emperor. 8moe then Delhi 
has become the Capital of India and has regained its importance- 
as the oeDtre of political and intellectual life in the Indian Empire. 
The historical sketch of Delhi has been brought up up-to-dato. 
The old chaprers have been entirely recast, many new ones added 
and the scope of the book considerably enlarged. The bock gives 
in a modest compass a succinct history of the Hindu, Pathati and 
Moghul dynasties who reigDed over Delhi and also a vivid account 
of the British occupation together with the story of the mutiny. 
The history And antiquities of Delhi are discussed at Home length 
and graphic accounts of notable sights and scenes from well-known 
travellers and visitors are presented with suitable reproductions of 
illustrations. The prescut edition may claim to be an exhaustive 
hand book compiled irem authentic sources. To make the book 
thoroughly comprehensive three appendices have been Added giving 
picturesque accounts of the Durbars ana the War Couferenoe and 
the Conference of Ruling Chiefs and Princes. The value of the 
bock is enhanced by the addition of a complete index and 54 
portraits, illustrations and maps. 

4 Contents. 

Delhi— the Capital of Ii.dia. Delhi Under Hindu Kings. 
Early Muhammadan Kings. The Moghul Emperors. Delhi 
Under Britith Rule. 8even Cities of Delhi. Kutub. Siri-Jahan 
panah. Tughlakabad. Firozabad. The City of Sherpbah. General 
Survey. Dargah Nizamuddiu. Second Excursion. Shahjahanabad. 
Shah Jahan’s Palace. The Gardens of Delhi. Environs of 
Sbabjabanabad. Mutiny Sites. The Delhi of the Future/ 
APPENDIX. 

The Durbars of Delhi : The Durbar of 1887. The Durbar 
of 1903. The Durbar of 1911. Despatches on the Change ot 
Capital. The Chiefs' Conference . War Conference, 

With Index and 54 illustrations. 

Bs. Two ; To Subscribers of “ The Indian Review,” Re. 1-8. 


Bombay Guardian We have to thank those most enterprising 
publishers, Messrs. G. A. NaVisan and Co., of MadraB, for a pile 
of useful little books. This is the firm that brings out 27 m Indian 
Review, That firm has stepped entirely out of the common run 
of Indian publications, and in place of supplying a market— work 
which always affords room for fresh enterprise— it has created a 
market, by boldly devising and turnrag out books whioh people 
ought to want and soon learn to want. 


0/ A. Nates an & Co., Publishers, George Towd, Madras, 


Wacha’s Speeches and Writings. 

CONTENTS. 

' Congress Presidential Address, Calcutta, 1901. Evolution of 
Indian Trade ; Saience of Commerce, ; Stray thoughts on the 8tudy , 
of Eoonomios ; Statistioal and Eoouomio Study among Indians ; 
Indian Bailway Finance ; Indian Military Expenditure ; The 
Indian Commercial Congress ; Agricultural Banks iu India ; The 
Currency Question. Addresses to the Millowners’ Association. 
Bombay Congress Reception Committee’s Addresses. Simultane- 
ous Examinations. The Indian Civil Service. Evidenco before the 
Welby Commission. Appendix. Index with a portrait. Bound 
in cloth. 

The Hindu . — Sir Dinshaw’a/oWe is, as is well-known, finance 
and it is not surprising that out of 19 selections about 15 direotly 
relate tc finance and constitute an exposition of his views on the 
Indian financial questions. 

Lucknow Advocate.— It is a storehouse of valuable infor- 
mation. 

Price Kb. 3. To Subscribers of the “ I.R. ” Ri. 2-8. 


SURENDRANATH BANERJEA’S 

SPEECHES AND WRITINGS. 

An up-to-date collection of the speeches of the Hon. Ml? 
Burendranath Banerjea. It contains his many important Con- 
gress Speeches including hia two Presidential Addresses, his 
•Speeches in the Viceregal Council, and several important ones 
delivered both in India and Eneland during his visits to that 
country in connection with the Press Conference and Congress 
Propaganda Work. 

New India, — Messrs, G-. A. Nateson & Co., of Madras, have 
done well to have brought out a handy edition of his speeohes and 
writings at the present time when public thought requires all the 
ma terial it oau possibly obtain for its stimulation. 

Price Ri 3. To Subscriber! of the “ I.R. * Ri. 2-8. 


<5. A. Nafcesan & Co„ Publishers, Gsorga Town, Madrafe, 



INDIAN NATIONAL EVOLUTION 

A BRIEF SURVEY OF THE ORIGIN AND PROGRESS OF* 
THE INDIAN NATIONAL CONGRES8 AND 
THE GROWTH OF INDIAN NATIONALISM. 

BT HON. AMYIKA CHARAN MAZUMDAR. 

CONTENTS Introductory. Tho Genesis of Political Move- 
ment in India. The Early Friends of India. The Indian Press. 
Tho Gathering Clouds. The Clouds Lifted. The Dawning 
Light. The Inauguration and the Father of the Congress. Tne 
First Session of the Congress. The Career cf the Congress. Tho 
Surat Imbroglio and tfco Allahabad Convention. The Work in 
Euglaiid. The Congress : A National Mov'inent. The Success ol 
the Congress. The Partition of Bengal. The Indian Unrest and 
its Remedy. The Depression. The Reorganisation of the Congress. 
The Reconstruction of the Indian Civil Service. Tho Indian 
Representation in British Parliament, India m Pariv Politics. 
The Educational Problem. India and the War. Th * New spirit 
and Self -Govern mo nt for India. Appendices. Index and Illus- 
trations. 

New India , — A volume of 25 chapters and 460 ragi"!, from 
cover to oover it is useful, suggestive, urea thing inspiration and 
hbpe. The well informed author begins at the beginning : not 
only at the laying of the foundation r-r.ne of the Congress but 
prior to that period even. 

A New and Up-to-date edition. 

Price Rb. 3. To Subscribers of the “I R ” Bs. 2-8. 

The Indian National Congress. 

XULL TEXT OF ALL THE PRESIDENTIAL ADDRESSES 
AND THE RESOLUTIONS PASSED Ut'-TO-DATE 
Second Edition : Crown 8vo. ( 1,526 Pages. 

Bound in Cloth and well Indexed. 

The Hindustan Review .— The Indian statesman, politician, 
or publicist could scarcely bayp at thiH time of the year a better 
book on his shelf than that designated, The Indian National 
Congress. It is obvious that no publio man or publicist's book- 
shelf of works of reference can be complete without a oopy of 
Mr. Natesan’s excellent compilation of the Congress literature. 
Considering its bulk and matter, it Is cheaply ^priced. 

PRICE RS. FOUR. TO Sabtcribere of the I.R.” RB. THREE. 


G: A. Natesan & Qo., Publiahere, George Town, Matfraa. 



Wedderburn’s Speeches & Writings. 

T HE Publishers have made e\ery endeavour to make this colleo- 
tion comprehensive and up-to-date. The matter was selected 
by Sir WiHiam^Wedderburn himself. The first part contains the 
lull text of his two Congress Presidential Addresses ; the second, 
all his speeches in tLe House oi Commons ; the third, Miscellaneous 
Speeches on a variety of topics relating to India ; the fourth, 
“Contributions to the Press*' on Indian Questions ; the fifth, 
“ Personalia” being his speeches and writings in appreciation of 
his Indian and European friends ; and ibe sixth, “ Replies to 
Addresses and Entertainments” in India and England. In part 
seven, entitled “ Appieciaticnp,” \ve have a selection (f tributes 
paid to Sir William’s services to India by his numerous English 
and Indian friends and admirers. 

Part I. Congress Speeches : Presidential Aodics-'es, Bombay 
Congreps, 1 880 ;ami Alinbxbad Congress. 1910. 

Fart 11. Speeches in the House of Commons- Sjmuli aneous 
Examinatiiins. The Condition oi the people of Incut, ^arlia- 
lBent ary Inquiry for India. Indian Expenditure. The Govern- 
ment's Policy in Chitral. Speech on the Indian Budget, 1895. The 
Retention nf Chitral. The Cotton duties and the Indian poor. 
Indian Troops ac Suakiu. The Maharajah of Jbalawar. The 
8orutin> of Indian Accounts. The Condition of iSe Indian Masses. 
The Problem of the Indian Rnyat. The Condition of India. The 
Poverty of India. The Calrutia Municipal Bill. Parliament and 
Indian Affairs. The Famine in India. The Indian Budget, 1900. 

Part 111. Miscellaneous Speeches: 

Fart IV. Contributions to the Press : 

Fart y. Personalia: 

Part Vi. Replies to Addresses: 

Fart ¥11. Appreciations : ^ 

Indian Social Reformer. — The volume should be in every 
collection of books beam g m Indian political and administrative 
reform. 

Vith a portrait and Index. Cloth bound. 

Price Rs. 3. To Subscribers of the “ 1 R. ” Rs. 2-8. 

E*" The annual subscription the “ Indian Review " it 
Bs, 6 (Five) only including pcstogp Subscription can commend 
from any month. If yau have not already seen the“ Review” send 
postage stamps for As. Four for a specimen copy to 0. A. Natcsai 
dfrCo., Publishers, i Madras. Please note that cument issues an 
not given as specimen copies 

G. A, Nateeau & Co., Publishers, George Town. Madras 



Indian Political Literature. 

Gandhi’s Speeches and Writings.— Second Edition, considerab- 
ly enlarged ; with a sketoh of his life and career and several 
portraits and illustrations : Indexed. Cloth Bound. Rs, 3. To 
Subscribers of “I. R." Rs. 2-8. 

The Governance of India.— As it is and as it xqpy be : A hand- 
book of Progressive Polities, By B*bu Govinda Das, Price Rs. 3. 
To Subscribers of “ I.R.” Rs. 2-8. 

Snrendranath Banerjea’s Speeohes and Writings.— Com- 
prehensive collection. Rs. 3. To Subscribers of “ I.R.” Rs. 2-8. 

Wacha’s Speeches and Writings.— Comprehensive collection. 
Price Rs. 3- To Suoscriber* of “I.R.” Rs. 2-8. 

Wedderburn’s Speeches and Writings.— An up-to-date collec- 
tion. Prioe Rs. 3. To Subscribers of “ I.R.” Rs. 2-8. 

The Depressed Glasses.— A aymuosium by His Highness the 
Gaekwar of Baroda and several eminent Indians and Englishmen. 
Second Edition. Price Re. 1-4 as. To Subscribers of “I.R ” Re. 1. 

Dadabhai Naoroji's Speeches and Writings.— Second Edition, 
Rs. 3. To Subscribers of “ I.R.” Rs. 2-8, 

Gokhale’s Speeches.— Cloth bound. Price Rs. 3. To Subscri- 
bers of ** I.R.* 1 Rs. 2-8. 

The Indian National Congress.-- A new and up-to-date edition. 
Fall text of all the Presidential Addresses, Resolutions, Portraits 
of all the Congress Presidents. With an Index. Rs. 4. To 
Subscribers of “LR.”Rs. 3. 

Delhi; The Capital of India.— Second Edition Revised and 
enlarged with 51 illustrations. Price Rs. 2. To Subscribers of the 
“I.R.” Re. 1-8. 

Sarojini Nafdu’s Speeches and Writings. Second Edition. 
Revised and Enlarged. Prioe Rd. 1-4 as, To Subscribers of 
“I.R.” Re. 1. 

Montagu’s Indian Speeches.— A new and up-to-date edition, 
Price Re. 1-8. To Subscribers of " I.R.” Re. 1-4, 

Morley’s Indian Speeches.— Crown 8vo. Revised and enlarged. 
Prioe Re. 1-8. To Subscribers of ” I.R.” Re. 1-4. 

Indian National Evolution. By Aravina Charan Muzumdar. 
New Edition. Rs. 3. To Subscribers of “ I.R.” Rs. 2-8. 

Rash Behari Ghcse's Speeches and Writings. Ssoond Edition 
Re 1*4. To Subscribers of “ I.R.” Re. 1. 

King George’s Speeches on Indian Affairs. Seomd Edition. 
Prioe Re. 1. To Subscribers of ”1. R.” As. 12. 

Besant’s Speeohes and Writings pn India*. Questions. Prioe 
Re. 1-8. To Subscribers of I.R.” Re. 1-4. 


G. A. Natenan & Co., Publishers, George Town, Madras. 




The “Friends of India” Series. 


This is a new Series of Bhort biograph ioal sketohes of eminent 
men who have laboured for the good of India, which the Publishers 
venture to think will be a welcome addition to the politioal and 
historical literature of the oountry. These biographies are BO 
written as to form a gallery of portraits of permanent interest to 
the student as well as to the politician, Copious extracts from thp 
speeches and writings of the “ Friends of India” on Indiau ASairs 
are given in the sketches, E:tah volume has a fine frontispiece. 


Lord Morley 
Lord Rifon 

Sir William Wedderuurn 
Mbs. ANNIE bksant 
LORD MlNTO 
Edmund Burke 
Charles Bradlaugh 
John bright 


Henry Fawcett 
Mr. a. 0. Hume 
Sir Henry Cotton 
Lord Macaulay 
Sister Nivedita 
Rev. Dr. miller 
Sir Edwin Arnold 
Lord Hardinge 


The LEADER : — Will be a welcome addition to the political 
aiyl historical literature of the country. 

THE Modern Review On the cover of eaoh volume is 
printed a portrait of the subject of the sketoh and the Btories are 
told in a lively and iiuerestrjg manner with short extracts from 
notable speeches delivered. The series should be weloome to the 
.public. 

Foolscap 8 Yo. Price Annas Four laeh. 


Indian Tales : Amusing Reading. 


NEW INDIAN TALES 
TALES OF RAYA & APPAJI 
TALES OF K0MATI WIT 
TALES OF TENNALI RAMA 


TALES OF MARIADA RAMAN 
THE SON*-IN-LAW ABROAD 
TALES OF RAJA BIRBAL 
MAJTREYI : A VEDIC STORY 


FOLKLORE OF THE TELUGUS VEMANA : THE TELUGU POET 

Pried Annas Four Eaoh. 


G. A. Nafcenan & Co., Publishers, George Town, Madras. 



DISTINGUISHED PERSONAGES ON 

“THE INDIAN REVIEW.” 

Lord Morley. — I have read it with interest and appreoiatioi 

8ir Herbert Roberts, H. P.— Let me congratulate yoy on 
the admirable editorials of this interesting monthly. I appreciate 
highly your many services to the cause of progress in India. 

Mr. Fredrie Harrison —Enterprising “ Review,’’ which seems 
likely to bring Great Britain to our fellow-citizens in India more 
closely together. 

Dr. A, M. Fairbalrn — It is excellent and well written, and 
distinguished by a line of truth and right. 

Rev. C. F Andrews, M.A., Delhi.-'] r»au ihe Review month 
by xmi.th with i he greatest .interest nrd alwajf. find more solid 
matter m it, especially rn the tecwmic hoc in which 1 am 
specialty iniert-Mt-d then in any other Inman Journal. 

Sir Henry Cotton.— Allow me to express t you the admiration 
I feel for jour energy in iitenviy product, urn and ibe valuable 
service vou aic iheuU rendering to jtur ft llcwcuULlrj men 

F H. Ski •ine, I.C.S —It is fully up to the level of high class « 
literature in this country. * 

Yincent A Smith.— Excellent Magazine. 

Sir Wiltinm Wedderburn.— An excellent Madras magazine! 

Mr Henry Bradley,— Ably conducted Journal, 

Mr. H. Samuel Smith, Editor, “Tiopieal Life.”'-Your 
magazu- is i mainly most useful and its pages give one a great 
deal of hi format inn on Indian topics. I study it in the same way 
that I d<- the Renew of Reviews at bme. 

C. W. E. Colton. Esq., I. C. 8. -The success cf the Indian 
Review must bo a great source of pride to you. 

Henry V. Neyinson — I admire your Review immensely. I 
always read it with interest 

Sir D. E. Wacha — A Magazine of excellent literary ability 
and conducted with grtai success. A RtorehouwH of varied informa- 
tion on pohticai. eccncmieal, literaiy and other subjects The 

subscriber is canpf nsmed a hundredfold. I would confidently 
commend so useful a Magazine to every educated person. 

IS' The. or, rival subscription to the Indian Reviev) is Rs. 5 {Five) 
only including postage Frreign 30s S inscriptions can commence 
from any month. If you have not already seen the Review send postage 
stamps for As Four for a specimen ropj^ to G. A. Natesan it Co., 
Madras . Current issues will not be given as specimen copies. 


G. A. NttteBan &Co., Publishers, George Town, Madras. 


THE GOVERNANCE OF INDIA 

A BAND-BOOK OF PROGRESSIVE POLITICS 

BY GOYINDA DAS 

Babu Govida Das’s book on t>be ‘‘Governance of India ” offerB 
a ooifbtruotive scheme of reform iu the Iodi*.i constitution. The 
book is full of original and fruitful obt-ervatious, the result of the 
author’s continuous study and reflection on the snbjeot for over 
two decades. With the help of apt quotations gathered from rare 
publications, defects in the system of administration are driven 
home and ways shown by which the defects could be eliminated 
and the* system improved. “ The Governance of India ” is a 
hand-book of living practical politics, a vcide mecum for active 
politicians which no one. official or non-official — interested in the 
reform of the Indian administration— can afford to neglect. 

The Rangoon Mail.— The interesting feature is the scheme by 
the author touching lhn relationship of the Feudatory India to 
the Imperial Government which in rarely considered by Indian 
politicians and which is the mosL important consideration in any 
scheme of reform for India. The nook will bo prized both by tnc 
student and the politician. « 

• m Indian Social Reformer —Babu Gnvinda Das’s book is one of 
thfe ablest, the most ihoughtful and the best informed treatises on 
the subject of Governance of India that we have come across. We 
heartily commend Babu Gnvinda Das’s bonk as an» exceedingly 
illuminating addition to our meagre literature on Indian politics. 

Orown 8 vo. Cloth Bound. 

Price Bb. 3. To Subscribers of “I. R.” Bs. 2-8. 


Saints of India Series. 


This it a now series of short ske'chcs dcalirg^with the lives of 
the most eminent saints that have risen in India. These lives 
are all based on the original account and biographies to be found 
in the several Iudiau languages. Fi«ch book also contains a 
special account of the peculiar religious dootrincs which each 
saint taught. A unique feature of these sketches consist" m the 
numerous and choice quotations from the poems and uueranoes 
of these t tints. Each volume has a fine frontispiece. 


Dnyanrbhwar 
Namdev 
Ekanath 
R AMD AS 
TUKARAM 

Tulsidas 


Nammalvar 

APPAK 

Nanda 

Kadir 

CnATTANYA 

^VlVEKANANDA 


V ALLAH ACHARYA 
NAKAK 

GURU GOVIND 
Dayananda 
Ramakribhna 
Ramtirath 


Price Four Annas each. 


G- A. Natesaii & Co., Publisher, George Town, Madras. 



Hid iSTS, INDUSTRIES & AGRICULTURE. 

Indian Indnitrlal and Economic Problems. By Prof. V. G. 
Kale, Fergusson College, Poona. Seoond Edition. Prioe Re. 1-8. 
To Subscribers of the “Indian Review, ” Re. 1-4. 

The Swadeshi Movement. A Symposium by Representative 
Indians and Anglo-Indians Seoond Edition, Re. 1-4, To Sub- 
scribers of the “ Indian Review, 1 ' Re. 1, 

Agricultural Industries in India. By Seediok R. Sayani, 
With an iu(.r->duot>ion by Sir Vitaldas Damodar Thaokersey. 
Second Elit on. Revised and enlarged. Re. 1. To Subscribers of 
the “ Indian Rpvjew,” As. 12. 

Essays on Indian Art, Industries and Education. By E. B. 

Haveli, Re. 1-4 To Subscribers of the “ I. R ” Re. 1. 

Essays on Indian Economics. (Third Edition.) By Mabadev 
Goviuu Ran-vio. Price Ra. 2. To Subscribers of the " I.R.” Re. 1-8. 

Industrial India. By Glyn Barlow, M.A. Seoond Edition. 
Be. 1. To Suoscrioers of the "I.R.” As. 12. 

Life-Irrigation By A. Chatterton. Seoond Edition. Revised 
and enlarged. Price Rs. 2. To Subscribers of 11 I.R." Re. 1-8. 

The Improvement of Indian Agriculture.— Some LeRsor.s 
from America By Cathelyne Singh. Second Edition. Prioe Re. 1., 
To Subscribers of the ” ludian Review,” As. 12. 

• ■ 

THE SWADESHI MOVEMENT. 

Views of representative Indians and Anglo-Indians. 
Cot.tams among others, the views of Dadabhai Naoroji, 
H.H. the Gaekwar of Baroda, H. H the Maharaja of Dharounga, 
G. K. Gokhale, Dr. Sir Rash Behari Ghose, Hon. Bir Fazulbhoy 
Currimbhov Eorahun, Mr. M. K. Gandhi, Sir R. N. Mocker jea, 
Sir D. E. Waoha, Hon. Rao Bahadur R. N. Mudbolkar, Hon. 
Pandit Midan Mohan Malaviya, Mrs. BeBant, Mr. Tilak, Mr. 
-Surendranatb Banerjea, and also of Lord Minto, Lord Oarmiobael, 
Lord Ampthill. etc. 

The Ja,me Jamahed — Worthy of special Btudy. 

The Christian Patriot. — Ought to be in the hands of every 
newspaper man and of every one who wants to know something 
about India’s industrial position. 

Sir Roper Lethbridge, 2L C. I. E, —Students of eoonomios 
and of social science throughout the world owe a deep debt of 
►gratitude to Messrs. Natesan for the admirable senes of little 
volumes ooutaiuiug all these valuable speeches and essays, 

Second Edition, Rtvised ancfiEnlarged, 

Prioe Re. 1-4. To Sub scribers of “ l.R. w He. 1. 

,<5. A. N&Gubttu & Co., PublisburB, George Town, Madras. 



NATESAN’S PUBLICATIONS. 

To the bead of the enterprising firm of G. A. Natesan £ 
Co., Madras, all tboBe who take any interest at all in contempo- 
rary events in India which will in the future form its history are 
thankful for their publications. Not content with the editing and 
publishing of a first clans monthly like the Indian Review , he has 
written, edited and published a number of books ana pamphlets 
which do credit not only to his scholarship, but also to his business 
capacity. He has published short biographiaal sketches of many 
eminent Indians. They are a series of uniform booklets, each with 
a frontispiece and any one of which can bu bought for the modest 
sum of two annas or four annas. He has published collec- 
tions of the presidential and inaugural addresses that have been 
delivered at the different Congresses. * * * * * 

He has published symposiums of views of officials and non- 
offioials, Indians and Europeans on such subjects as Sedition, 
the Swadeshi Movement, and the National Congress. By 
collecting the speeches and writings of Dr. Bash Bthari Ghrse, 
Swami Vivekananda, the Honorable Mr. Gopal Krishna Gokhale,, 
^.ord Morley. be has done a distinct service to noth rhp younger 
and*clder generations of Indians ; for, these are hunks which the 
^younger people like to have constantly by their side to study and 
the elders to refer to occasionally. It is very seldom indeed that 
we Jl;e business capacity in a literary man, but Mr. Natesan seems 
to be one of those very few men who combine in themselves both 
of thoso capacities. — The Indian People Leader , Allahabad. 

' The Indian Beview 

Extremely interesting and well worth reading,— Celestial 
Empire . Shanghai. 

A magazine, every intelligent European shoulf read.— Simla 
Newt 

Does credit to its enterprising publishers.— Indian Magazine 
and Review. 

Always interesting and instructive magazine.— Free Lance. 

That admirably conducted journal.— India. 

A mine of solid and interesting iuformation on Indian affaire 
—Japan Daily Mail. 

This Excellent Magazine, full of good things Bombay 
Chronicle . 

Has come to occupy a prominent plaoe in the front rants 
of Indian periodical literature.— Madras Mail. 

Each edition appears^ be an improvement on former.- 
Darjeeling Visitor. 


G. A. Natesan & Go., Publishers, George Town, Madras, 



THE INDIAN PRESS ON 

THE INDIAN REVIEW 

There is no periodical in India which Approaches it for t 
money.— Educational Review. 

Well-known monthly Magazine. — The Bengalee. 

This excellent Review.— The Telegraph. 

Quite indispensable to every student of Indian politios. — PhceflA 
Karachi. 

A store- house of pleasant and instructive reading. — Tribune. 

A model publication.— Punjabee. 

A marvel of cheapness. — Weekly Chronicle. 

Gives a nob and nourishing menu mouth after month .— Wi 
Coast Spectator. 

Excellent monthly.— Amrifa Bazaar Patrika. 

‘ The Indian Review” may be called the Review of Revie i 
for Ind»a Undoubtedly a jem of itB kind and no cultured Indis 
oarcH to ne without it — Sanjvartaman, Bombay. 

Bthervtdly et-joyp a great popularity.— Lawyer. Allahabad. 

Coming to ihe fore as a type of up-to-date journalism.— Mosle 
Chronicle. 

It deserves in rank with some of the best English and America 
Reviews.— A bkari. 

Daservnig of liberal patronage, — Rast Goftar and Stayaprdkash. 

As fresh, typical and informing a* ever.--- Z’arst. 

Tndfori the Magazine for the million. — Kaisar-i- Hind, Bombay. 

A monthly magazine of unoamniuii merit. — Bombay Guardian. 
Improves each monLb. — Rangoon Times. 

The premier review and magazine of India — Bassein News. 

There is in Lhe Indian Revieiv subject for all readers.— Indian 
Textile Journal. 

Full of live articles. —Capital. 

One of the best of its kind m India.— Commerce, Calcutta. 

In matter it is voluminous, and in scope wide . . . Show 

a wonderful catholicity. — Calcutta Review. 

Ably edited, capitally turned out. — Ceyloyi Independent. 

A journal of immense influence aud popularity. — Ceylon La 1 
Review. 

One of the brightest and most readable periodicals in India,- 

Advocate of India. 

ksr* The annual subscription to the “ Indian Review ” is Rs. S 
(Five) only including postage. Subscription can commence fron 
any month. If you have not already seen the ‘‘ Review ” sent 
postage stamps for As. Four for a specipien copy to 0. A. Natesai 
<C Co., Publishers, lAtdras. Current issues are not given a 
spscimen copies. 

G. A, Nabeaan & Co., Publishers, George Town, Madras 



A PATRIOTIC MAN FIRM OF PUBLISHERS. 

We do not think we are guilty of any exaggeration when we 
say that there is no Indiau firm of publishers which cmj surpass 
Messrs. G. A. Natesau & Co., of Madras, in point of utilitarian 
enterprise of a most patriotic character. The firm’s great aim is 
how ‘beat and most expoditiously to serve the public. Is a Congress 
held ? Why, immediately within two weeks we are greeted with a 
handsome portable volume of the prooeedmgs, neatly printed, at 
the most moderate price, such as to be within the roach of the 
poorest reader. Similary with the proceedings of all other Con- 
ferences and Leagues- But what is more praiseworthy is the desire 
to acquaint the rising generation of youth with the utterances of our 
leading puhlio men who have already borne the brunt and heat of 
the day. For instance, it is a fact that the annual reports of our 
Indian National Congress, specially the Presidential Addresses, 
are out of print. Many inquiries are made with the Joint 
Secretaries for these but they have regretfully to disappoint them. 
To meet suoh a growing demand, Messrs. Natesan & Co. have 
issued an excellently got-up volume of 1£»26 pages containing 
the origin and growui of our great National Political Institution, 
full text of ail the Presidential Addre*<> <■ tty- to-date, reprint of ajl 
>tlje Congress i>soIutions, extras from the Address of Welcome 
by Chairm> -i of Reception Cuinumtoes and notable utterances 
^besides tho portraits of all Congress Presidents. Tbis, indeed, is a 
di«^inot patriotic servioe whioh we dare say every trua*son ol India 
will greatly appreciate. It is a capital handbook of the Congress — 
a veritable vade mecum and ought to find an extensive sale at only 
4 rupeeB a copy whioh is chekp enough m all conscience. * • • 

We repeat, all Indians should feel exceedingly grateful for all these 
valuable publications at cheap prices to Messrs . Natesan & Go. 
But we know how ardent, modest, and sober a partriot is the head 
of this most enterprising Indian firm. Mr. G. ^ Natesan, who is 
an University graduate, is indeed a jewel in Madras and elsewhere 
in ibo publication of cheap, useful, and handy Indian literature. 
We wish him aud his firm every prosperity.— The Kaiser-i-hind, 
Bombay. 

BEY. J. T. 8UNDERLAND, Toronto, Canada.— 1 ' I read 
your ’Review’ with great interest and profit, It seems to me able 
and candid, and well adapted to give such information about India 
as is needed in this part of the world, but which we have so few 
opportunities for gaining * * * I wish tjbe 4 Indian Review’ oould 
be placed in many public libraries in Canada, the United Btatee 
and England. It would do a silent but telling work.” 

THE LATE HR. WILLIAM DIGBY, G.l.E. * * "In its way- 
an admirable way— 1 think the ‘Review’ whioh emanates fron 
Madras, is an exceptionally interesting monthly publication, auc 
I congratulate Madras not only oil leading the way with a monthly 
'Review, 1 but on the excellence of its lead.” 

G.A. Natesao & Go., Publishers, George £own, Madras 




BIOGRAPHIES OF EMINENT INDIANS. 


A Series of Uniform Booklets each with a Portrait giving a 
suooinct biographical sketch and containing copious extracts- 
from the speeches and writings of the personages described. 


Toru Dutt 
Mrs. Sarojini Naidu 
Rabindranath Tagore 
Michael Madhusudau Dutt 
Dadabhai Naoroji 
Sir P. M. Mehta 
Dinshaw Edulji Waoha 
Mahadev Guviud Ranude 
G. K. Gokhale 
Dr. Rash Bi.hari Ghosc 
Lala Lajpat Rai 
Ravi Varma 
K. T. Telang 
Burendtj-nath Banerjea 
Romeah Chun dor Dutt 
Ananda Mohan Bose 
W. C Bonf.erjee 
Dal Mohun Gbcse 
Raja Ram Mohan Roy 
Sir J. C. Bose 
Dr. P. C. Ray 
Sir T. Muthusami Iyer 
Devendranath Tagore 
Prof. D. K. Karto 


Budruddin Tyabji 
Sir Syed Ahmed 
Sir Syed Amir Ali 
H. H. The Aga Khan 
Sir B. Subramania lyor 
Bal Gangadhar Tilak 
M. K. Gandhi 
Madan Mohan Malaviya 
Babu KriBto DaH Pa] 

R. N. Muaholkar 
V. Krishnaswami Aiyar 
Dewan G. Rangacharlu 
Rahimtulla Mnhamed Sayani 
Iswara Chandra Vidyasagar 
Bahrain ji M. Mnlabari 
Sir C. Sankaran Nair 
H. H The Gaekwar of Barodn' 
Sir N. G. Chandavarkar 
J. N. Tata 
Sasipada Banerji 
V, K. Chiplankar 
Keshab Chunder Sen 
Pratap Ghundrn Muzumdar 
Sir S. P. Binha 


The Quserati Many of our oouutrymen are deeply indebted 
to the head of the enterprising firm of G. A. Natesan & Go., 
Madras, for the valuable publications they have been placing 
before the Indian public dealing with important questions of 
contemporary interest or with the lives and earners of some of 
out foremost Indians, both ancient and modern. We do not 
think there is any other publishing house in India that has 
attempted what Mr. N*.esan has done with so much success 
during the last four years to instruct public opinion by means of 
handy, cheap and useful publications. Mr. Natesan » not only a 
man of literary attainments but endowed with business oapaoity 
and sound discernment. He oertainly deserves to be congratulat- 
ed on the Buooess of hiB useful publioations. 

Foolscap B To. Price As. Four eaoh. 


Q, a. NatesaiK& Oo., Publishers, George Xown, Madras. 






